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PREFACE. ’ here 


With the development of such methods of studying the arrangement of 
the atoms in crystals as are furnished by the phenomena of the diffraction 
of X-rays, the geometrical theory of space groups becomes of the utmost 
importance. Until recently the work published upon this theory has been 
directed primarily toward the preparation of a statement of all the different 
kinds of symmetry (groupings of elements of symmetry) which are crystal- 
lographically possible. 

This statement, to be complete, must necessarily give all of the possible 
ways of arranging points in space which, by their arrangement, will express 
crystallographic symmetry. In its most general form such an analytical 
expression of the results of this theory was given by Schoenflies.* Before 
it is applicable to the study of the structures of crystals, however, modifica- 
tions in this original representation are necessary. First, there must be 
selected such a portion of the grouping that in its calculated effects upon 
X-rays it can be taken as typical of the entire arrangement. It is thus 
necessary to state a space group in terms of the equivalent positions which 
lie within a unit cell rather than by giving, as Schoenflies does, the equiva- 
lent positions about one point of the lattice underlying the grouping. This 
rather obvious modification has of course been made by those who have 
used the space groups as a guide in studying crystals. The second modifi- 
cation, or rather amplification, is not so readily made. The X-ray experi- 
ments which have already been carried out show that the number of particles 
(atoms) contained in the unit cell is commonly smaller than the number of 
most generally placed equivalent points of the space group having the sym- 
metry of the crystal. The special arrangements of the equivalent points 
(upon axes, planes, and other elements of symmetry), whereby the number 
of most generally placed equivalent positions is reduced, are thus of great 
importance and it becomes essential to be able to state all of them in any 
particular case. Nigglif has already given the simpler of these special cases. 
For some time the writer has been engaged in working out all of them and 
the following tables are an expression of the results of these computations. 

It was the original intention simply to state these results and to outline 
the method whereby they were obtained. The writer is firmly convinced, 
however, that sure and definite progress in this relatively new field of crystal 
structure can be realized only by making the fullest possible use of the added 
information which the theory of space-groups furnishes; and since any dis- 
cussion of this theory is almost completely absent from work published in 
English, it has seemed worth while to add a brief introduction in order to 
give such details of the space groups and of their development as seem to 
furnish sufficient background for the appreciation of the importance of the 
theory in this new field of physical science. 


* Krystallsysteme und Krystallstructur (Leipzig, 1891). vale 
+ Geometrische Krystallographie des Discontinuums (Leipzig, 1919). 
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At present a knowledge of the method of derivation is not required by 
the crystal analyst or by the person primarily interested in using the results 
of such X-ray studies. Those interested in the theory as a geometrical 
problem will of course find the development thoroughly given by Schoenflies. 
In the only publication available to English readers Hilton* has summarized, 
in excellent form, the work of Schoenflies, introducing at the same time some 
of the methods of representation employed by Federov. A thorough under- 
standing of the manner of developing the theory, however, is best attained 
from a study of the original work of Schoenflies. The discussion in the pres- 
ent book is intended for those who wish only to get a sufficient idea of the 
nature of the results of the theory of space-groups so that these results 
can be intelligently used. 

For the substance of this discussion the writer’s obligation to Schoenflies 
is obvious; the work of Hilton has also been used with entire freedom. In 
the book to which reference has already been made Niggli has given the 
positions within the unit cell (of each space-group) of all of its elements of 
symmetry. This information, while of no aid in the actual determination 
of the structures of crystals, may prove useful in the attempt to derive from 
these structures additional information, such as that bearing upon the internal 
symmetries of their constituent atoms. In comparing the partial analytical 
expression given by Niggli with his results based directly upon those of 
Schoenflies, the writer found that particularly in the case of the tetragonal 
space-groups there were many differences, owing chiefly to the choice of 
different points as the origin of coordinates. Because of the possible 
usefulness of the additional data relating to the positions of elements of 
symmetry that are furnished by Niggli, it has seemed desirable, in spite of 
some loss of logicality, to recalculate these groups so that they would accord 
with those already published. Similar differences exist in orthorhombic and 
monoclinic groups; the changes necessary to reconcile the two descriptions 
are in these cases sufficiently obvious, however, that it has seemed worth 
while only to indicate in some more or less illustrative instances the nature 
of the translations necessary to bring about a general coincidence. 

The writer wishes to express his gratitude to Dr. S. Nishikawa for the 
advice and criticism given him when in 1917 he began to familiarize himself 
with the theory of space-groups. 


GrEopuysicaL LABORATORY, 


March, 1921. 
EE eee 
* Mathematical Crystallography (Oxford, 1903). 
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THE ANALYTICAL EXPRESSION OF 
THE RESULTS OF THE THEORY 
OF SPACE-GROUPS 


By Rautpu W. G. WYCKOFF 


CHAPTER I. 
HISTORICAL INTRODUCTION.* 


The investigation of the structure of crystals involves the study both of 
the substance from which the crystals are made and of the way in which this 
material is arranged in space. Until very recently, practically all of the 
information bearing upon the first of these puints has arisen from the realiza- 
tion of the probable physical reality of the chemical atom. How these 
atoms are associated together in crystals and whether the chemical mole- 
cule, or some other aggregate of atoms, has the significance in solids which 
it possesses in gases and liquids are questions which have been answered 
only by conjecture and inference. The development in the other direction, 
however, presenting a problem which in its most general statement is inde- 
pendent of current hypotheses concerning the nature of the material from 
which crystals are built, has been capable on the other hand of a far-reaching 
and apparently satisfactory growth. 

In the days when an atomic structure of matter was a crude working 
hypothesis without any basis in experimentally determined fact, we find 
Robert Hooke} reproducing the forms of alum by properly piling up “a 
company of bullets and some few other very simple bodies,” very much as 
we represent the structure of a crystal on the basis of X-ray measurements. 

It was the phenomenon of regular cleavage, however, that supplied the 
evidence upon which early hypotheses of the regular arrangement of the 
material of crystals were based. For instance, Westfeldt considered calcite 
as built up of tiny rhombohedrons; and Bergman,§ basing his beliefs partly 
on the observation of Gahn that a skalenohedron of calcite yields a rhombo- 
hedron on cleaving, developed what might be called the first geometrical 
theory of crystal structure. For just as the crystals of calcite could be 
considered as an aggregate of minute rhombohedrons placed parallel to one 
another, so garnet or pyrite or other crystals can be developed similarly from 
certain fundamental forms. These ideas seem to be essentially. the same 
as those held by Hauy.{] He, also, considered cleavage as the-guiding 
factor. The cleavage units, his molecules integrantes, were either tetrahedra, 
triangular prisms, or parallelopipeda, and he showed how crystals with vari- 
- ously developed faces could be represented by the aggregation of these units. 
These ideas of Hauy were built around the law of rational indices, though 
they were fundamentally independent of it. Many objections to the details 
of the hypothesis of Hauy arose, as indeed they must arise against any theory | 
based primarily upon cleavage. Not only does the existence of the many 


* Most of the material for this introduction is given by L. Sohncke, Entwickelung einer 
Theorie der Krystallstruktur (Leipzig, 1879). It is given in English and brought up to date in a 
report of the Brit. Assoc. 297-337. 1901. 

+ Micrographia (London, 1665), p. 85. 

t Mineralogische Abhandlungen, Stiick I. 1767. 4 

§ Nov. Acta. Reg. Soc. Se. Upsal. 1773, i; Opusc. (Upsala) 1780, ii. 

g Essai de Cristallographie (Paris) 1772; etc. 
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crystals which show no cleavage necessitate many supplementary hypotheses, 
but the observed cleavage of such substances as fluorite (with octahedral 
cleavage) is not readily accounted for by any kind of close-fitting units. 

Simultaneously with the extension of the belief in the atomic nature of 
substances, and perhaps because of this belief, emphasis came to be shifted 
from the shape of the crystal units to the relative positions of their centers 
of gravity as centers of some sort of crystal molecules. Thus there evolved 
from these different speculations the basis for a suitable geometrical study 
in the definite conception of a crystal as composed of units of undefined shape 
repeated in some regular fashion throughout space. 

In such a regular pattern for repeating the crystal unit we have a space 
lattice. All of the symmetrical networks of points which can have crystallo- 
graphic symmetry were found geometrically by Frankenheim.* Some years 
later this was done more accurately and rigidly by Bravais.t As a result of 
his work, Bravais looked upon a crystal as built up by placing units of a 
suitable symmetry all in the same orientation at the points of one of these 
symmetrical networks. Thus the unit of a cubic crystal might have cubic 
or even tetrahedral symmetry, but it could not, for instance, have monoclinic 
or hexagonal symmetry. As a matter of fact, Bravais thought of his units 
as groups of atoms forming some sort of a crystal molecule, though such a 
view is not a necessary part of the geometrical development. In this theory 
of Bravais, in which a crystal is composed of aggregates of atoms repeated 
regularly and indefinitely through space, is to be found the beginning of an 
adequate treatment of the possible groupings of matter in crystalline bodies. 
The objections to Bravais’ theory, however, are many and obvious. In the 
first place, all of the space lattices have the complete symmetry of some one 
of the crystal systems, so that, in order to account for the lower degrees of 
symmetry, it was necessary for him to ascribe the degradation in such cases 
to the shape of the crystal units, or molecules, without at the same time 
being able satisfactorily to treat these units. Again this theory implies a 
distinct restriction, and one which had not been proved necessary, that all 
of the crystal molecules must have the same orientation throughout the 
crystal. 

In the course of a general study of the theory of groups of movements 
Jordanf gave a perfectly general method for defining all of the possible ways 
of regularly repeating an identical grouping of points indefinitely throughout 
space. By combining this treatment of Jordan with the principle (laid 
down by Wiener) that regularity in the arrangement of indentical atoms is 
attained when “every atom has the other atoms arranged about it in the 
same fashion,” Sohncke§ eventually deduced all of the typical ways of regu- 
larly repeating identical groupings of atoms throughout space so that the 


* Die Lehre von der Cohision (Breslau, 1835). 

t Journ. de l’Ecole Polytech. (Paris) XIX, 127. 1850; XX, 102. 1851. 
{ Annali di matematica pura ed applicata (2) 2, 167, 215, 322. 1869. 

§ L. Sohncke, op. cit. 
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total assemblage will possess crystallographic symmetry.* This method of 
treatment in attacking the problem of the arrangement of the points within 
what was the crystal unit or molecule of Bravais brings the problem towards 
its final solution. 

None of the systems of Sohneke can be made to account in an entirely 
satisfactory manner for the enantiomorphie (mirror-image) characteristics of 
many crystals.. Schoenfliest was led to consider that every point of an 
assemblage must have all of the other points ranged about it in a “like fash- 
ion,” where “likeness” may refer either to an identical arrangement or to 
a mirror-image similarity. Starting from this basis, he obtained the 230 
space groups which represent all of the possible typical ways of arranging 
(symmetry-less) points in space so that the grouping will possess the sym- 
metry of one of the thirty-two crystal classes. The same derivation of the 
space groups was accomplished independently by Federovt and by Barlow, 
but at present the work of Schoenflies is the most useful because it is pre- 
sented in a form that is of immediate application. With the aid of this 
final theory of space groups the different degrees of symmetry exhibited by 
crystals can at last be traced back definitely and precisely to the arrangement 
of the atoms in the crystals (without postulating any characteristics of sym- 
metry for them). 

Besides indicating the elements of symmetry which are characteristic of 
each of the 230 typical ways of arranging points in space, Schoenflies gives, 

‘in general terms, the coordinates of the points in each of these groupings 
which are equivalent to one another. 

The discovery of the diffraction of X-rays and the consequent develop- 
ment of the physical methods for studying the structure of crystals have made 
this analytical expression of the results of the theory of space groups of the 
utmost importance. It is the purpose of the present work to give these 
results a detailed expression, thereby putting them into a form in which they 
will be immediately useful as an aid to the study of the arrangement of the 
atoms in crystals. X-ray experimentation thus far carried out shows that 
the special cases which result when equivalent points (the atoms in crystals) 
lie in some element or elements of symmetry, such as axes or planes, are the 
ones which are physically most important. As a consequence the prepara- 
tion of this detailed expression, in so far as it introduces material which is 
not outlined in the work of Schoenflies, has made necessary the working out 
of all of these special cases for all of the space-groups. 


* At first Sohncke seems to have been inclined to view all of the points of a point system as 
regular and all of one kind. When the insufficiency of this theory was emphasized he postulated 
the presence of a few different kinds of points (which can be made to correspond with different 
kinds of atoms). The partial grouping composed of the points of any one kind is homogeneous; 
at the same time the different groupings all have the axes and the other elements of symmetry 
in common. 

+ A. Schoenflies. Krystallsysteme u. Krystallstruktur (Leipzig, 1891). 

TE. Federov. Z. Kryst. 24, 209. 1895; W. Barlow. Z. Kryst. 23,1. 1894. Federov’s work 
appeared, in Russian, before that of either of the other two. 
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NATURE OF THE SPACE -GROUPS. 
ELEMENTS OF SYMMETRY. 


Axes of symmetry.—An axis of rotation of a figure* is a line about which 
the figure can be rigidly turned. The angle of the rotation is the angle 
between the final and initial positions of a plane which contains the axis 
of rotation. A figure is said to possess an axis of symmetry when rotation 
through a definite angle about an axis of rotation will cause the figure to 
assume the same point-for-point configuration that it originally possessed. 
The angle of the rotation about an axis which is required to bring about 
this coincidence is called the angle of the axis of symmetry. Every figure 
has an infinite number of 27 axes of symmetry; that is, a complete rotation 
of 360° about any line through a body will cause it to assume its original 
configuration. The operation of such a 27 (one-fold) axis is called the iden- 
tical operation of symmetry (or simply the identity). If a rotation of 180° 
is sufficient to effect a coincidence, the axis of rotation is a 180°, or two-fold 
axis of symmetry; more generally, an n-fold axis of symmetry is one for which 


a rotation of angle brings about coincidence. One-, two-, three-, four- and 


six-fold axes are found in crystals (and in figures possessing crystallographic 
symmetry). (Figure 1.) 
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Fia. 1. The crystallographically significant rotational axes of symmetry. 


Plane of symmetry.—In figure 2 the line POP’ is perpendicular to the plane 
ABCD. If then PO equals OP’ in length, the pomt P’ stands in a mirror- 
image relation to the point P. If a plane can be passed through a figure so 
that every point of the figure upon one side of this plane has a corresponding 


* By a figure is meant any sort of a collection of points, lines, planes, and s0 on. 
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point in @ mirror-image position upon the other side of the plane, the plane 
is a plane of symmetry. 

Center of symmetry.—A point of a figure is a center of symmetry if a line 
drawn from any point of the figure to it and extended an equal distance 
beyond will encounter a point corresponding to the arbitrarily chosen point. 
(Figure 3.) 
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Fic. 3. O is the center of symmetry of a figure in 
which P and P; are corresponding points. 


Screw-azxes of symmetry.—A figure is said to experience a translation when 
every point of the figure is moved by the same amount in the same direction. 
A rotation about an axis accompanied by a translation along the axis of 
rotation is called a rotary translation. This screw-motion must be defined 
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both by the angle of the rotation and by the amount of the translation. 
The axis of the rotation (and the line of the translation) is called a screw- 
axis. If such a rotary translation will bring the points of a figure into co- 
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Fia. 4. The crystallographically significant screw axes of symmetry. 


incidence, the axis of the motion is a screw-axis of symmetry. In a figure — 
having crystallographic symmetry these screw-axes may be one-, two-, three-, 
four- or six-fold. (Figure 4.) 

Glide planes of symmetry.—lf a figure 
can be brought into point-for-point co- 
incidence by a reflection in a plane 
combined with a translation of a defi- 
nite length and direction in the plane, 
the plane is called a glide plane of 
symmetry. In this case the transla- 
tion-reflection must be defined both by 
the position of the plane and by the 
length and direction of the translation. 
(Figure 5.) 


POINT-GROUPS. 


The thirty-two ways of suitably com- 
bining these planes, axes, and centers 
of symmetry give the elements of sym- 
metry which are characteristic of the ; j ; . 
32 classes of crystallographic symme- - Fie. 5. a is a ae pigel of P in the 
try. Each one of these combinations of De tn ae 
symmetry elements isa point-group. Thus, a point-group may be defined by 
stating either the elements or operations* of symmetry which characterize it. 


* By an operation of symmetry is meant any movement which will bring about a point-for- 
point coincidence. For instance. a six-fold axis of rotation possesses six operations of symmetry 
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The elements of symmetry siavacterienh of each of the 32 point-groups 
will now be given. 


The cyclic groups have Galye one axis of symmetry. They may be written 


{ (: ) \ 


where n may be either 1, 2, 3, 4 or 6. A will be taken as the symbol of a 
rotation so that the term within the braces is to be considered as defining a 


rotation of angle = ; 


Diéder-groups have one principal axis of symmetry of angle ot and n two- 


fold axes in a plane at right angles to the principal axis. 
ham 


aac} Wa 
2 y 


where U (Umklappung) will be used to represent the two-fold rotation of 
the secondary axes. The value of n may be 1, 2, 3, 4 or 6. The group D, 
is clearly identical with C2, however. The positions of the axes of the other 
groups are shown in figure 6. The group for which n=2 furnishes the spe- 
cial case of three two-fold axes at right angles to one another; this group is 
more commonly known as the vierer-group and is designated as V. 


Tt=3 T= 4 7TL=6 


Ws U2 


Ua 3 
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The tetrahedral group (symbol=T) has 3 two-fold axes at right angles 


to one another (like the vierer-group) and 4 three-fold axes so placed that if 


the two-fold axes are taken to bisect the. sidesvot | a circumscribed tetrahedron, 
the 4 three-fold axes will each one pass through the point of intersection of 
the two-fold axes and through one of the corners of the tetrahedron (figure 7). 

The octahedral group (symbol=O) has 3 four-fold, 4 three-fold, and 6 
two-fold axes arranged in the same manner as are the altitudes, the body- 
diagonals, and the face-diagonals of a cube (figure 8). 

The groups which have so far been considered require only simple rota- 
tion axes for their expression; they are commonly called groups of the first 
sort. Those that now follow are groups of the second sort. 


Ss 
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Cyclic groups of the second sort possess one screw-axis of symmetry 


n= fa(8)} 


where the symbol in brackets may be taken as a rotary translation of angle 


Zu The value of n may be 1, 2, 3,4 0r6. When n=1 the rotary translation 
D 

is clearly equivalent to a reflection in a plane at right angles to the axis of 
rotation. Thus, in figure 9 the rotary translation of angle 2m will bring 
the point P to the position P,; this operation is, however, equivalent to a 


eae A 


reflection in the plane through O normal to pp’, where Op is equal to one- 
half of the length 7 of the translation component of the rotary translation. 
When n=2, the resulting rotary translation Op is equivalent to an inversion 
through the point O of figure 9b. These two groups may thus be written 
Ci={A(2r)}={S} and C,={AG@)}={1} — <>") 


— 


where S (Spiegelung) stands for a reflection and I for an inversion. In a 
similar fashion it will be seen that when n=4, this group is identical with 


. . . . T . . . . 
one obtained by combining a rotation (5) with a reflection S, in a hori- 
zontal plane of symmetry. Thus 


cofi(}-fG)s}-s 


Other groups of the second sort can be obtained by combining a principal 
axis of rotation with a plane or with a center of symmetry. Three types of 
such groups having but one axis of symmetry are possible: (1) when the plane 
of symmetry is normal to the axis of symmetry (a horizontal reflecting plane), 
(2) when the plane of symmetry contains the axis of symmetry (a vertical 
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reflecting plane) and (3) when the new element of symmetry is a center of 
symmetry. These three types may then be written 


(1) CR={Cn, Sn} (2) Cxy={Cn, Sv} (3) Ci={Cn, I} 
It can be shown that if n is odd, all three of these types are possible. When, 
however, n is even, the number of different groups for any value of n is but 
two. The groups of this sort that are thus possible are the following: 
When n=1.—The group C? is clearly the same as the group CY ; further- 


more it is identical with the group C;. Similarly the group C} is identical 
with the group Cy. &) 


Fig. 8. 


When n=2, 4 or 6.—C2=Ch, so that groups of the types C?=C\, and CX are 
possible. 


When n=3.—Point-groups of all three types are possible. 


Some new groups arise by combining the axes of a group of the type D, 2.> 


with a reflection plane. The plane of symmetry may lie in the horizontal 
position (normal to the principal axis of symmetry); if it lies in the vertical 
position new groups will be obtained only when the plane bisects the angle 
between secondary axes (a diagonal plane). It can furthermore be shown 
that in the latter case groups of crystallographic significance will be obtained 


only when n=2 and whenn=3. Thus, when n=2, 3, 4, or 6, we. have the ~ 


new groups 3 Sow 
D}=V*, : g= V4, ER : Di, i gee 

The groups T® and T° arise from the tetrahedral group, T, by combining 
the axes of T with a horizontal and with a diagonal-vertical reflecting plane, 
respectively. One new group, O*,-can be produced from the octahedral 
group O. : 

All of the 32 groups have now been defined. . On the basis of their total 
symmetry these 32 point-groups can be placed in 6 (or 7) systems, the systems 
of crystallographic symmetry.* This classification of the point-groups is 
given in Table 1, together with the names of the classes of crystal symmetry 
(according to Schoenflies, Dana, and Groth) corresponding to each. 


* A basis for this classification will become evident when the point-groups are discussed sep- 
atately and given an analytical expression. 


Gy 
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NOMENCLATURE OF THE POINT-GROUPS. 


TABLE 1. 


Symbol. 


1.C: 


: C2=8: =Cj 


ScHOENFLIE5S, 
I. Triclinic system: 
Hemihedry 
Holohedry 
II. Monoclinic system. 


Hemihedry 


Hemimorphic hemihedry 


Holohedry 


III. Orthorhombic system. 
Hemimorphic hemihedry 


Class of symmetry. 


Dana. 


Asymmetric 
Normal 


Clinohedral 
Hemimorphic 


Normal 


Hemimorphic 


Enantiomorphic hemihedry Sphenoidal 


Holohedry 
IV. Tetragonal system. 


Normal 


Tetartohedry of second sort Tetartohedral 


Hemihedry of second sort 


Tetartohedry 


Paramorphic hemihedry 
Hemimorphic hemihedry 


Sphenoidal 
Pyramidal hemimorphic 
Pyramidal 


Hemimorphic 


Enantiomorphic hemihedry Trapezohedral 


Holohedry 


V. Cubic system. 
Tetartohedry 


Paramorphic hemihedry 
Hemimorphic hemihedry 


Normal 
Tetartohedral 


Pyritohedral 
Tetrahedral 


Enantiomorphic hemihedry Plagihedral 


Holohedry 
VI. Hexagonal system. 


Tetartohedry 


Normal 


Rhombohedral Division 
24, 


Hexagonal tetartohedry of ‘Tiishonibohedral 


second sort 


Hemimorphic hemihedry  Ditrigonal pyramidal 
Enantiomorphic hemihedry Trapezohedral 


Holohedry 


Trigonal paramorphic hemi- 23. 


hedry 


Trigonal holohedry 


Tetartohedry 


Paramorphic hemihedry 


Rhombohedral 
Hexagonal Division 
Trigonotype 


Pyramidal hemimorphic 
Pyramidal 


Hemimorphic hemihedry | Hemimorphic 
Enantimorphic hemihedry Trapezohedral 


Holohedry 


Normal 


eects ashen ttt APC DAE 


Gaoru. 


Asymmetric pedial 
Pinacoidal 


Domatic 
Monoclinic sphenoidal 


Monoclinic prismatic 


Rhombic pyramidal 
Rhombic bisphenoidal 
Rhombic bipyramidal 


Tetragona] bisphenoidal 
Tetragonal scalenohedral 
Tetragonal pyramidal 
Tetragonal bipyramidal 


Ditetragonal pyramidal 
Tetragonal trapezohedral 
Ditetragonal bipyramidal 


Tetrahedral pentagonal dode- 
cahedral 


Diacisdodecahedral 


Hexacistetrahedral 
Pentagonalicositetrahedral 
Hexacisoctahedral 


Trigonal pyramidal 
Rhombohedral 


Ditrigonal pyramidal 
Trigonal trapezohedral 
Ditrigonal scalenohedral 


Trigonal bipyramidal 


Ditrigona] bipyramidal 
Hexagonal pyramidal 
Hexagonal bipyramidal 
Dibexagonal pyramidal 
Hexagonal trapezohedral 
Dihexagonal bipyramidal 


d 


No. of operations 
of symmetry ani 


_of. eduivalent. 


I 
OT 


; Notr.—It may be remarked that the numbers of the first column have no particular sig- 
nificance and do not refer to any of the current systems of designating symmetry classes. 
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The analytical expression of the point-groups.—On the basis of the defini- 
tions of the 32 point-groups, the operations of symmetry (footnote on page 6) 
that characterize each of them can be immediately written. Furthermore, 
it is evident that if any point, x, y, z, is subjected to each of the operations of 
a polnt-group, a group of equivalent points will result whose symmetry is 
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that of the point-group; thus its analytical expression is obtained. The 
operations of symmetry which are characteristic of each of the point-groups - 
will now be stated and through them analytical representations given to each 
of these groups. 
TRICLINIC SYSTEM. . 

Point-group C,.—This group has but one element of symmetry, the identical 
operation (symbol=1). Since the identity brings any point x, y, z into 
coincidence with itself, any single point, xyz, serves as an analytical rep- 
resentation of this group. The coordinate axes to which these coordinates 
refer obviously can be any three lines in space, of unequal unit lengths and 
making unequal angles with one another. Such axes will be called the tri- 
clinic axes of reference. They are equally serviceable for the point-group, 
C;, which follows. 

Point-group C;—The operations of symmetry characteristic of this group 
are the identity (obviously an operation of every group) and an inversion 
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(symbol=I). Since an inversion through the origin of coordinates changes 
the signs of all three coordinates (figure 3) the operations of symmetry and 
the coordinates of equivalent points of this point-group are 


Operations of symmetry: 1, E 
Coordinates of equivalent points: xyz; XYZ. 


MONOCLINIC SYSTEM. 


In their analytical expressions all of the point-groups having the symmetry 
of this system can be referred to a system of axes, two of which (the X- and 
Y-axes) make any angles with one another; the third axis (the Z-axis) is normal 
to the plane of these other two. The Z-axis consequently is taken to coincide 
with the principal two-fold axis, where such exists. 

Point-group C,.—The single operation of symmetry (besides the identity) 
of this group is a reflection to be taken in the horizontal (XY-) plane. Since 
such a reflection (symbol=§,,) changes the sign of the z-coordinate (figure 10), 
the operations and equivalent and equivalent points of this group are 

Operations of symmetry: i Sh: 
Coordinates of equivalent points: xyz; xyZ. 


x 
: 
. 
9 
: 


Fig. 10. Fig. 11. 


Point-group C2.—A two-fold rotation. about an axis (the Z-axis) normal 
to the plane of the other two axes of coordinates, changes the signs of these 
two coordinates (figure 11). Consequently the point-group C. can be ex- 
pressed as ; 


Operations of symmetry: ih A(z). 
Coordinates of equivalent points: - xyz; xyz. 


Point-group C}.—Since this group is developed by mirroring C, in a_hori- 
zontal (XY—) plane of symmetry, it is to be expressed as follows: 
Operations of symmetry: 1, A(x), Sn, A(m)Sh. 
The operation whose symbol is A(z)S,, the product of A(m) and S,, is to 
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be understood as a two-fold rotation followed by a reflection in the hori- 
zontal plane.* 

Coordinates of equivalent points. xyz; XYZ; XYZ; XVzZ. 


ORTHORHOMBIC SYSTEM. 


The orthorhombic axes of reference are three mutually perpendicular 
axes of unequal unit lengths. 


Point-group C}.—Since reflection in a plane containing two of the axes 
of reference and normal to the third changes the sign of the coordinate value 
for the third (confer C3), this point-group may be expressed as 


Operations of symmetry: 1, A(z), Se S A(z). 
S, is a reflection in a vertical plane (taken through Y and Z). 


Coordinates of equivalent points: xyz; XYZ; XYZ; XyZ. 
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Point-group V.—The rotations about the three mutually perpendicular 
two-fold axes will be designated as U, V, and W (figure 12). 
Operations of symmetry: 
i U, V, W. 
Coordinates of equivalent points: 
xyZ; xyZ; XyZ; XYZ. 
Point-group V®.—As usual, the XY-plane is taken as the horizontal mir- 


roring plane. 
Operations of symmetry: 


Ye U, al W, Shy US, VS, WS: 
Coordinates of equivalent points: 
xyz; - xVZ; xyz;  %¥2;  xyZ; x¥z; yz; RY. 


* The order of combining the operations in such a product is immaterial. It could equally 
well have been called a reflection followed by a two-fold rotation. 


nik 
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TETRAGONAL SYSTEM. 
The three tetragonal axes of reference, mutually perpendicular to one 
another, are two (the X- and the Y-axes) of equal unit length. 
Point-group C,=S4.— . 
Operations of symmetry: 


3r 
1, (5). A(m)*, sA(F). 


Coordinates of equivalent points: 
XyZ; YXZ; XYZ; VXZ. 


Point-group C4.—As we have just seen, the rotation of angle 5 about the 


Z-axis interchanges the X and Y coordinates and leaves the new X-coordi- 
nates reversed in sign (figure 13). 


Frigwtse 


Operations of symmetry: - 


1, (5) A(x), (7). 


Coordinates of equivalent points: 
XYZ; YXZ; XYZ; YXZ. 

Point-group V*.—The diagonal reflecting plane contains the Z-axis and 
bisects the angle between the X- and Y-axis. Reflection in such a plane 
(Sa) interchanges the X- and Y-coordinates (figure 14). 

Operations of symmetry. 

{ U: V, W, Sa USa, VSa, WS. 
Coordinates of equivalent points.: 

XYZ; XYZ; RyZs  X¥Z, X23 7 yaa, ae yxz. 


* This arises from the observation that two reflections in the same plane nullify one another. 
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Point-group C2.— 
Operations of symmetry: 


1, A(5), AG), aCe). 8 3A(5), sam, sa(F) 


This may be more conveniently written as C2= {C,, 8,}, signifying that the 
operations of Ci are those of C, plus the reflections of these operations in 
the horizontal plane.* 


Fig. 14. 


Coordinates of equivalent points: 
xyZ; YXZ; XYZ; YX2Z; xyz; YxZ; XYZ; yxZ. 
These coordinates illustrate the fact, of ‘which use will commonly be made 
in the work which follows, that a two-fold rotation about an axis\combined 
with a reflection in a plane normal to the axis is equivalent to an inversion 
(figure 15). Thus C?={C,, I} is an alternative expression of the point- 
group C3. In this latter case the coordinates of equivalent points would be 
written in the following order. 
XYZ; YxzZ; XYZ; YXZ} XYZ; YxZ; xyZ; yxzZ. 
Point-group Cy.— 
Operations of symmetry: 
Cy= {C,, S,} : 
S, is again a mirroring in the vertical, YZ-plane. 
Coordinates of equivalent points: 
SY2;  y22; —«YZ;- yka; 7 Ryz; = yxy xz; Wz. 
Point-group Ds.—The four two-fold axes lying in the XY-plane coincide 
_ with the X- and Y-axes and bisect the angles between them (figure 6). The 


* In the future this abbreviated representation will be used when no ambiguities are thereby 
introduced. 
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operations of symmetry of D, may consequently be obtained by applying 
the operations of one of the two-fold axes (the one coinciding with the X- 
axis will be employed) to those of C,. 
Operations of symmetry: 
D,= {C,, U}. 
Coordinates of equivalent points: 
Ky2; xz; R92; yo; xyZ;  Yyre; yt; yx7Z. 
If other two-fold axes were used, the order of the last four coordinate values 
would be changed. 


S TWO-FOLD AxX/S 
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Point-group D}.— 
Operations of symmetry: 
Di= {D,, §,} = {D,, I}. 
Coordinates of equivalent points: 
xyz} xz; X72; yk; | AYP y ae ye 
xyZ; YxZ; XYZ; Vxue XVZ; VXZ; XyZ; yXZ. 
CUBIC SYSTEM. 
The cubic axes of reference are three mutually perpendicular axes with 
units all of the same length. 
Point-group T.— 
Operations of symmetry: 
1, U, V, W, 


C2). a8) a 
(3). (8) (5) 8) 
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A, Ai, As, As are rotations about the trigonal axes of a, a, a, as of figure 7, 
Coordinates of equivalent points: 


XVZ; XYZ; XyZ; XYZ; 
Ios uxy; ZxY; ZXY; 2X} 
YZX; ¥2x; YZX; Y2X; 
Point Group T?.— 
Operations of symmetry: 
T= {T, 8.) ={T,4IE 


In writing the coordinates of equivalent points the second of the representa- 
tions will be used. 
Coordinates of equivalent points: The 12 coordinate positions of T, and 
XYZ; XyzZ; xyz; XyZ; 
II. «2x7; ZXy; Zxy; ZXy; 
yzx; y2x; y2x; yzx. 
Point-growp T*.—The diagonal mirroring plane is taken to bisect the angle 
between the X- and Y-axes, 
Operations of symmetry: 
Te = aig Sa} . 
Coordinates of equivalent points: The 12 coordinate positions of T, and 
yas yen; yx; | xa; 
Ei xzy : xZy; XZy; Xzy; 
( 2yx; “YX; ZYx; ZYX. 
Point-group O.— 
Operations of symmetry: The 12 operations of T, and 


T 3r \ 
v, 3G) 3(Z) , 
3 x 
Vin. Vs B(3), B(5), 
3 
Wie Ws, (5), (5). 


Rotations about the various axes of figure 8 are represented by the corre- 
sponding capital letters. The four-fold axes b, b; and bz have the positions 


of u, v and w of figure 7. 
Coordinates of equivalent positions: The 12 coordinate positions of T, and 


JRZ; XZ; YXZ;— XZ; 
IV. 


Ui, 


xay; Ray} xay3 AY} 
ZYx; LYX} 2YX; Zyx.* 


* The order of writing these coordinates has been changed about to make it conform with its 
Jater uses. 
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Point-group O?.— 
Operations of symmetry: 
O'= {O, 8} ={0, T}. 
Coordinates of equivalent positions: The 48 coordinate positions of 
tty iil and Ly; 
HEXAGONAL SYSTEM. 
RHOMBOHEDRAL Drvisron. 

The point-groups of this division will be described in terms of two kinds 
of axes of reference. The rhombohedral axes (1), all of the same unit length 
and making equal angles with one another, are arranged symmetrically 
about the three-fold axis (figure 16). Two of the hexagonal set of axes (2) 
are of equal unit lengths and make an angle of 120° with one another (figure 
17); the third, the Z-axis, is of a different unit length and is normal to the 
plane of the X-and Y-axes. This second set is thus a special case of the 
monoclinic axes; the cubic axes, on the other hand, are a special case of the 
rhombohedral (1) axes. Coordinates according to the rhombohedral axes are 
given below under I, according to the hexagonal axes under II. 


Point-group C3.— WE 
Operations of symmetry: ~~ ¥ 


2a Ar 
A 1, (3), a 3): 


Coordinates of equivalent points: 
TeX Zz. ZXY; y2x. 
Lexy y-x, X, 25 ¥, x-y, z.* 
Point-group C3.— c 
Operations of symmetry: 
3={Cs, I}. 


* A reference to figure 17 will show the source of these coordinate values. 
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Coordinates of equivalent positions: 
eae e ZXy; . 2x; RZ; Z 
Il. xyz; ~y-x,%,2; -¥,x-y,2; 87%; -xy,x 
Point-group C3. 
Operations of symmetry: C¥= {Cs, S,}. 


This vertical reflecting plane can have two possible positions, one containing 

both the X- and the Z-axes (hexagonal axes II), the other containing the 

Z-axis and a line in the XY-plane which makes an angle of 30° with the X-axis 

(see figure 26). The reflection ina plane occupying the first of these two 

positions will be designated as §,, the reflection in the other plane by §,. 
Coordinates of equivalent points: 


Byer aay; . Y2k; 7 Yx2; > xay3. , “zyx. 


When C= {Cs, §,}: 
xyZ; y-X, X, Z; y, X-y, 2; xX-y, y, Z; yxZ, X, y-X, Z. 
When C¥= {C,, §,}: 
xyZ; y-X, X, Z; y, X-Y, Z; y-X, Y, 2; yxz; X, X-y, Z. 
Point-group D3.— 
Operations of symmetry: D3;={Cs, U}. 
The two-fold axis of rotation may lie either in the X-axis or in a line in the 
XY-plane which makes an angle of 30° with the X-axis. A rotation about 
the first-named axis will be called U,, about the second, U,. There may thus 
be two different sets of coordinates of equivalent points for the point-group 
D; corresponding to the two sets already defined for C3. 
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Coordinates of equivalent points: 


if 
XYZ; Zxy; y2x; YXZ; XZY § ZX. 
TU 
When D;= {Cs, U,}: 
xyZ; y-x, X, Z; Jy, X-y, Z; x-y, J, 2; YXxZ; X, y-X, Z. 
When D;= {Cs, U,}: 
XyZ; y-X, X, Z;} y, X-y, Z; y-X, y, Z; VxZ; X, X-y, Z. 


Point-group D$.—It can be shown that this point-group arises from the 
combination of D3; with an inversion. Just as there are two ways of ex- 
pressing Ds in terms of hexagonal axes of reference (depending upon the 
position of the two-fold axis) so there must be two ways of expressing Dj. 


Operations of symmetry: 
D§= {Ds, Sa} = { Ds, I}. 


Coordinates of equivalent points: 


1h 
XYZ; ZX ; y2x; YXZ; XZY; ZYX; 
XYZ; ZR Vix: YXZ; XZY; ZyX. 
TMT 


When the operation of the two-fold axis is U,: 
XYZ; y-X, x, Z; y, X-Y, Z; x-y, y, Z; XZ; X, y-X, Z. 
XYZ; X-Y, X, Z; MES SS: Z; y-X, Y, 2; xz; X, X-y, Z. 
When the operation of the two-fold axis is U;: 
RYZ; YX, X,2; YY, X-¥; 4, YX, ¥, 25. Yue; ey ove 
XYZ; X-y, X, Z; y, y-X, Z; x-y, y; Z; YXZ; xX, y-X, Z. 
HEXAGONAL Division 


The point-groups of this division of the hexagonal system will be expressed 
only in terms of the hexagonal axes. 


Point-group C}.— 
Operations of symmetry: 
3={Cs, Sy}. 
Coordinates of equivalent points: 
XYZ; -Y-X, X, 2; oY, RY, 2}. KyZ; y-x,%,2; YJ, x-y, Z. 
Point-group D}.— 
Operations of symmetry: 
D3={Ds, Sy}. 
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Just as there are two ways of expressing Ds, so there will be two ways of 
stating D3. 


Coordinates of equivalent points: 
When the two-fold axis has the position of the X-axis Gus) 
XyZ; y-X, X, Z; a X-Y, Z; K-y, y, Z; yx; X, y-X, Z; 
XYZ; y-X, XZ; Y, X-y, Z; xy, Y, 2; YXZ; X, Y-X, Z. 
When the two-fold axis makes an angle of 30° with the X-axis (U;): 
XYZ; -y-x, &, 


aif X-y, Z; y-X, y, Z; YxZ; X, X-y, Z; 
XYZ; y-X, X, 


Z; 
Z; y; x-y, Z; y-X, Y, 2; Yxz; X, X-y, Z. 
Point-group Cs.— 
The operations of this group can be written as those arising from the opera- 
tion of a 60° axis of symmetry. Taken thus the operations of Cg are: 
Operations of symmetry: 


i; (5) (F ) A(n), AF) a(F) 
Coordinates of equivalent points: 
XyZ; Yu V-X> 2; VX, 45 2s XYZ; y, X-Yy, Z} X-y, X, Z; 
Point-group C3.— 
Operations of symmetry: 
Cy= {Ce, Sn}. 
Coordinates of equivalent points: 
XYZ; Y, Y-X; Z; y-X, X, Z; XYZ; Y, X-Y, Z; X-Y, X, Z; 
mes Ny yh es YK, Rs BZ, RY, 27 Ry, x, 2 
Point-group C3.— 
Operations of symmetry: 
2= 105, Det 
Coordinates of equivalent points: 


XYZ; Y¥, Y-X, 2; y-X, X, Z; XYZ; ¥, X-Y, 2; X-Y, X, Zj- 


X, y-X, Z; y-X, Y; 2; YXZ; X, X-Y, Z; x-y, Y, Z; xz. 
Point-group De.— 
Operations of symmetry: 
De= {Ce, U}. 


U is a rotation of 180° about axes in the XY-plane, one of which coincides 
with the X-axis. 
Coordinates of equivalent points: 
XYZ; Y, Y-X, 2; y X, X, Z; XYZ; Y, X-Y, 2; x-y; a Z; 
EV -%,.2; y-X, y, Z; XZ; Rk=¥ 5 25 X-y, y, Z; VxZ. 


* This group is of course equally the result of operating upon Cy by a two-fold axis coincident 
with the Z-axis. That is, 
CE = {Cs, Ui } . 
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Point-group D.— 
Operations of symmetry: 


t= {De, Sn} — {De, I}. 


Coordinates of equivalent points. 


xyZ; Y, y-X, 2; y-xX, X, Z; Xyz; y, X-y, 2; X-y, X, Z; 
K, yx, 2; oR, ¥, 23. yx2; X, X-¥,Z; Ye ¥, 0, gee 
RZ; ¥, X-y, 2; X-Y, X, Z; XyZ; Y, y-x, Z; y-x, X, Z; 
X,X-y,Z;  X-y,¥,2; YZ; X, y-X, 2; YX, y,2; Yyxz. 


SPACE LATTICES. 


A series of parallel planes such that the distance between any two consecu- 
tive planes of the series is constant is called a set of planes. 

The sum total of the points of intersection of any three sets of planes is 
called a regular space lattice. 


Fig. 18. A symmetrical lattice. The intersection points of this figure are 
points of the lattice. . 


If some point of a lattice (O of figure 18) is taken as the origin of coordi- 
nates, the neighboring points of the lattice are given by the translations 
27;, +2r,, +27, along the X, Y and Z axes; and in general any point 
of che lattice is given by the composite translation 


m= +2m7,+2n7,+2pr, 


where m, n and p are any integers or zero. The three translations, 27,, 2r5, 
27,, giving neighboring points of the lattice, are called the primitive trans- 
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lations. It is customary to define a lattice by stating its primitive trans- 
lations with respect to the axes of reference.* This definition is sufficient 
since the primitive translations of a lattice can be considered as those transla- 
tions which will yield all of the points of the lattice by their continued 
application, first to a point of the lattice chosen as origin, and to the new 
points continually derived from this and succeeding applications. 

It can be shown that but fourteen symmetrical lattices are possible; each 
of them has the complete symmetry of one of the seven systems of crystallo- 
graphic symmetry (counting the rhombohedral division of the hexagonal 
system as a separate system). 

The primitive translations of these 14 space-lattices, identical with the 
lattices of Bravais, are as follows. The axes of reference are the same as 
those used for the point-groups of corresponding symmetry. ; 


Symbol. Primitive translations. 
Triclinic system. 
Le Pe Ares 2l>3 aT, 
Monoclinic system. 
2. i 2h Ty) Aha 
3. Ty," Bes Ty, Te; Ty —T;-1 
Orthorhombic system. 
4, To Bie aTs ots 
5a. T,’ (a) Tey Ty} Tey —T73 27s 
b. TY)’ (b) OTs sity, Tus Tos —Ts- 
6. Te Ty) Tz3 Tz, Tx; Tx) Ty: 
vy. 1 i Datiote ates tes Tey Ta. 
Tetragonal system. \ 
8a. T; (a) 275% BT; 27s: 
b. Trib) Testtys Tein ty) ols: 
9a. | (a) Ty) Tz Tay Tx Txy Ty- 
b. T,’ (b) DT Gals 21g 1 OSs. Ty Sx: 
Cubic system. 
10. FR Qe; Ory vals 
113 F.4 Ty; Ta5 Tay Tx) Tx) Ty> 
12 i Pe 27; 2Ty} ded Tx) Ty) Tze 
Hexagonal system. 
13. as 27; 2ty; 27,. (Rhombohedral Axes) 
14. jis 27,; 2ty; 27,. (Hexagonal Axes) 


i imiti i ingle lattice are possible by taking the unit 
* Different groups of primitive translations for a single J 
Sees differently. We shall have use for the primitive translations just defined and for no 
are Ty, T; is meant a translation ry along the Y-axis followed by one of length rz along the 
Z-axis. The translation ry, — 7z is similar except that 7, is here taken in the —z direction: 
These are written by Schoenflies as ty + 7, and ty — Tz respectively. 
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Lattices 13 and 14 belong to the rhombohedral division; lattice 14 has the 
complete symmetry of the hexagonal division of the hexagonal system. 

Lattices 2, 4, 8a, 10, 13 and 14 are all special cases of lattice 1, in which the 
lengths of the units along the axes or the angles between the axes have par- 
ticular values. The lattices having the symmetry of the tetragonal and of 
the cubic system can be looked upon as special cases of the orthorhombic 
space lattices; in this process of specialization, for lattices of tetragonal sym- 
metry, if the axes are taken after the manner of lattice 4, 8a is obtained, if 
according to 5, 8b results. The two forms of 8 are, however, identical, 
In a similar fashion 9a and 9b arise from 6 and 7. 


SPACE-GROUPS. 


In giving analytical representations to each of the 32 point-groups the 
different ways have been expressed in which points can group themselves 
about a central position so that the aggregate of points will by their arrange- 
ment exhibit crystallographic symmetry. We are not, however, primarily 


Z3 


va 


3) 


Fic. 19. The point-group C3. The points P, P,, Py, Py, are the four 
equivalent points of this point-group. 


interested in such an aggregate of points about a single position in space but 
rather in the indefinite extension in all directions of such a symmetrical 
grouping of points. In order to accomplish this, it is necessary to distribute 
point-groups (or perhaps other suitably symmetrical groupings of points) 
properly oriented according to some regular pattern which repeats itself 
indefinitely in all directions. Such a regular pattern must be one of the 14 
space lattices. The indefinitely extended symmetrical arrangement of points 
all equivalent to one another, which is obtained by placing such groups of 
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equivalent points with their centers at the points of one of the regular space 
lattices, is a space-group.* 

For the sake of illustration the very simple space-group which is obtained 
by placing the point-group C3, the holohedry of the monoclinic system, (figure 
19) at the points of the monoclinic space lattice I'm will be considered.t A 
portion from this space-group is shown in figure 20. The four equivalent 


Z 


Fie. 20. A portion from the monoclinic space-group C3). 


points P, P,, P,, and P,,,; (and the two-fold axis of symmetry and the plane 
normal to it) of C> repeat themselves about each of the points O, A, B...... 
of the first monoclinic lattice Im. Taking O as the origin, then the coordin- 
ates of the points of the group about A, the point of the lattice obtained by the 
primitive translation 27,, are \ 


Sr At, ¥)4; aig k, Jy, 25 Ate, Fy 23 Ke ots; y, Z. 


In a similar way the coordinates of the equivalent points about the other 
neighboring points of the lattice and in general about any point of the lattice 


* The view which one takes of a space-group will depend largely upon his interests. For 
instance, the crystallographer will in all probability consider a point-group as a particular aggre- 
gation of elements of symmetry arranged in some definite fashion. The space-groups will then, 
first and above all, describe to him the way in which these elements of symmetry can be dis- 
tributed throughout a crystal. On the other hand, the physicist or chemist who is accustomed 
to think of a crystal essentially as an orderly arrangement of atoms or molecular groupings of 
atoms will probably incline to the more analytical view of point-groups and space-groups as aggre- 
gates of equivalent points which are potential positions for the atoms in crystals. Because we 
are interested here in discussing only those phases of the theory of space-groups which are of 
immediate use to the physical study of the structures of crystals, the characteristics of symmetry 
possessed by the various space-groups will receive only such treatment as is required for the 
building up of an analytical expression of the results of the theory. 

+ Figure 18 will illustrate 'm if X and Y have any unit lengths and make any angle with one 
another, and if Z is normal to the plane XY. 
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are given by one of the following sets which, taken together, completely 
define this space-group: 


x+2m7,, y-+2n7,, z+2pr,; 
+2mr,—x, +2nr,—y, 2Z+2pr;; 
+2mr,—Xx, +2nr,—y, +2pr,—2; 

x+2mr7,, y+2nz,, +2pr,—2; 


where, as before, m, n and p can be any integers or zero. 

Some of the space-groups are obtained by thus placing point-groups at the 
points of the lattice of corresponding symmetry; the rest of the 230 typical 
ways of arranging points so that the assemblage will exhibit crystallographic 
symmetry may be obtained by placing, at the points of these lattices, groups 
of points analogous to the point-groups, and derived from them, of such a 
nature that the symmetry of the aggregate is that of one of the point-groups 
themselves. 

It is obvious that a space-group is completely defined (analytically) when the 
coordinates of the equivalent points ranged about one point of the lattice 
(the points of a point-group or of a “modified point-group’’) and the primitive 
translations of the lattice are given; for, as we have just seen in the case of 
the monoclinic space-group, with this information it is always possible to 
reconstruct the space-group. 


AN OUTLINE OF THE DERIVATION OF THE SPACE-GROUPS. 


The nature of each of the space-groups will be apparent from the following 
tabular outline. Under each class of symmetry a brief discussion of the 
development of the space-groups exhibiting its symmetry will be given. This 
will be followed by a statement under three headings of (1) the symbol of 
the space-group, (2) an abbreviated indication of its particular derivation, and 
(8) the fundamental lattice underlying it. 


TRICLINIC SYSTEM. 
Hemthedry.— 


The single space-group of this class is obtained by placing the single equiva- 
lent point of the point-group C, at the points of the lattice T,,. 


te { i=Cy, Eeic ives 
Holohedry.— 


The single space-group having this symmetry is obrained by placing the 
equivalent points of C; at the points of the lattice T’,,. 


De Ci= iG T's}. Pe 


* The space-group symbol is a simple adaptation of the symbols used for the point-groups. 
The letters to be found in exponent position in the symbols for point-groups are reduced to the 
subscript position. The different space-groups isomorphous with a particular point-group are 
distinguished by numbers in the exponent position. Thus Co is the fifth space-group (isomor- 


phous with the point-group G:) that is defined. 
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MONOCLIJIC SYSTEM. 
Hemihedry.— 
The space-groups having this symmetry can be developed by combining 
the space-group C} when it has the specialized form of either To orgies 


with a gliding reflection in a plane which is taken as that of the X- and Y- 
axes. * 


Sr Ces (lo eek. rs 
Ae Ci tr4, Sery b rr 
5. Ceara Sn}. | 
6. Cr={T a’, S,(r)}. Pai 


Hemimorphic hemihedry.— 


Since the point-group C: is obtained by combining C, with a two-fold 
axis, the space-groups isomorphous with C2 can be obtained by combining 
_ the lattices I, and T,,’ with screw axes of symmetry. The translation com- 

ponents of these screw-axes are either zero or half a primitive translation in 
the direction of the Z-axis. 


7. Cy={Tmn, A(z)}. Tn 

8. C2={T,,, A(z, 7:)}. iy 

9. C3 a ies A(z) } = aye A(z, T1) } : Het 
Holohedry.— 


The space-groups isomorphous with C} can be obtained by multiplying 
(=combining) space-groups isomorphous with C2 with the operation of a 
glide plane of symmetry. Since a rotation of 180° combined with a reflec- 
tion in a plane at right angles to the axis of rotation is equivalent to an 
inversion, these space-groups result also from multiplying the groups iso- 
morphous with Cz by an inversion. 


\ 
10. Con={C3, Sn}. Tm \ 


Me Cie (C2S.3. ra 
12. CaHi y Si}. rs = 
a, On=103,5,()}. To 
148 C462. (r)}., Ta 
1 Ch ~1C3,S,(n)}. T..’ 


ORTHORHOMBIC SYSTEM. 


Hemimorphic hemihedry.— 
The intersections with the XY-plane of the axes of space-groups C3" (the 
space-groups having the symmetry of Cz) when the angle between the axes 
has the special value of 90°, is given by the points A, B, C, D, Ai.... 
The space-groups isomorphous with Cz can be developed by 


of figure 21. 


* A glide plane the translation component of which is zero is of course a simple reflecting 
plane. +, a primitive translation in the XY-plane, may then be chosen as either ry or ty. 
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multiplying groups ismorophous with C, by a vertical glide plane of sym- 
metry, that is, one parallel to or containing the Z-axis. The various possible 
positions of the intersections of these planes with the XY-plane are shown 
by ¢, om, ete. of figure 21a and gq, oq’, ete. of figure 21b. 


2rx R2TX 
Fia. 21 

16. Cy = {C3 8} y {C, Si}. To 
17. Cy = iC3, S} = {C3, Si(7z) } z To 
18. oy —y {C3, S(7z) } To 
19. Cy = {C3, S(7x)} = ae {C3 Sara bs T9 
20. v= {C3, S(zx) }s Ts 
21. Coy = {Ci, Btr-+7,) 7 To 
22. Cy = C3, Shier. To 
23. ov ae {Co, Sia(ta) fs To 
24. ay a {C3, Sn (7x) } To 
25. Coy = {C3 Sn(tz+72)}- T> 
26. ={C;, Sa} = {Ca, Sa}. Ty’ (a) 
27. 1 ={C3, Sa}. To’ (a) 
28. C2y={C3, Sa(r,)}. Ty’(a) 
29. Coy = {C3, 8}. Ty/(b) 
30. a ad {G3 S(rz) } : To’ (b) 
31. zy = {C, S(7,)}. T’(b) 
32. ={C3, SG.-+- el hs Ty’(b) 
33. ee a Bhs toa 
34. Cy = {C3, § Salf(7.-+-75)]}. Ty,” 
35. = {C3, eal: Ty 
36. = {C3, Sa(rs)}. Tay 
37. C2 = {C3, Sa(tx)} Boge 


Enantiomorphic hemihedry.— 


Definition.—If a certain portion of the operations of a group when taken 
alone themselves form a group, they define a sub-group. 
The space-groups isomorphous with the point group V are best described 
by giving the sub-groups whose axes are parallel to the X, Y- and Z- axes 
of the lattice (and of the coordinates). 


{ 

= | 

={C3 

41. Ne te 
42, ae c c z 

={C3 

={C} 

={C3 

{ 


45. 


46. f 


Holohedry.— 
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l= a8 ( Cat: ! 
a Co, C3}. 


I= C3, a a C 


T'y’(a) 
Ty’ (a) 
re" 
Py” 
Tr, {2 
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The space-groups isomorphous with V" can be obtained by combining 


groups isomorphous with V with a horizontal gliding reflection. 


It is more 


simple, however, to consider them as developed by combining certain groups 


V™ with inversions. 


from a reference to figure 22. 


{ 

{ 
49. Vi ={V,I1,} 
BOs. Vet V?. 1.) 
51. Ve ={V?, 1} 
52. VE ={V?, In} 
53. n = {V?, ee 
54. t = {V*, Ix} 
55. V2 ={V3, I} 
56. = {V3, ES 
57. Vi={V%, Ik} 


70. Ct#={V%, In}. 
71. V22={V3, 1} 
72. V28={V8, Ly} 
73. V2 ={V°, 1} 
74, V8={V®, I}. 


* These two last space-groups differ in the manner of distribution of their axes. 
former the axis of rotation lies in the line AD, for the latter in the line BC of Figure 21. 


TN 
I 
Np 
Np 
Vo 
Tp 
To 
To 
Tp 
Tp 


The locations of these points of inversion will be clear 


For the 
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TETRAGONAL SYSTEM. 


Tetartohedry of the second sort.— 

The groups S;° can be obgained by combining groups isomorphous with C2 
with a rotary-reflection (a rotation combined with a reflection) having the 
same axis as the group Cy’. 

75.’ Bas. Ce Ae eke 
76, -S7=iCs, Aller e 

Hemihedry of the second sort.— 

The space-groups isomorphous with V* can be obtained by multiplying 
groups isomorphous with V by the operation of a diagonal vertical glide plane 
of symmetry. A reflection in the plane WMGA of figure 22 will be called 
gq, one in the parallel plane through F, ,,. 
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Tetartohedry.— 


The space-groups Cr can be derived by arranging screw-axes of symmetry 
according to the two tetragonal lattices. 


89. Ci= {a(2), ri rT, 


90. Ci=4A 


{a 
91. ci=4a(5 >) rib Tr, 
tA 


92. Ci= 


93. ot=4a(5), rv}. au 
94. r= {a(S 2) rt Tr,’ 


Paramorphic hemihedry.— 


The groups C,), are most readily obtained by inverting groups isomorphous 
with Cy, either through a point lying in a four-fold axis or midway of a line 
joining two four-fold axes. This second inversion will be represented by Ii. 


Ceara. Li <T, 
OR Oe we (OS TY, ok, 
97. C&=(Ci,1,}.. T, 
98. Ca = {Ci, I,}. Yr, 
99. Cs, = (Ce cs i aes 
100. Ca= tCi: Ti}: ts 
Hemimorphic hemthedry.— \ 
The groups C4; are obtained by multiplying groups Cy" by vertical gliding 
reflections. The positions of these reflecting planes are shown in figure 23. 


101. Ca (Ci, Dal: Tr, 


102s C2 ICL 6. We 
1090 -Ce = {(C, 5; }. C 
104. C4 ={Ci, Se}. Yr, 


105. Cyy={Ca, 8.(7,)}. Tr 
106. oe = {O55 S. (72) } . Tr, 
107. Ce ag {Ci, os 2) } i Yr, 
108. Ci= Tee S.(7z)}. lr, 


Ti RSet Oa ae 
110. Ciy={Ci, S,(72)}- Ts’ 
111. Cyy={Ci, 8,}. Pr,’ 


Oi 7 10, Be) be Te 
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Enantiomorphic hemthedry.— 


Since the point-group D, results from the multiplication of Cy by a two-fold 
axis lying in the plane normal to the four-fold axis of C4, the groups Ube, 
arise by multiplying certain of the groups C4, by two-fold axes lying in the 
XY-plane. The positions of these axes are shown in figure 23, if the lines 
AB and C,Cz define the axes U, and U, respectively. 


1133 Doi Op alse 
146, D2 ={ City ts 
1152. D2 =1C2-U Ss er, 
116.4 = {Cl Uebel 
1972 De G2 Uk, 
1S 4eD = Cael 
119) ite (Ole Pe 
120 nl) pe eee ke, wooly 
121 Doe Ube a he 
1907 fe = Coe en 
Holohedry.— 


The space-groups Dj, may be derived by combining groups of D4, with an 
inversion. If the axes striking the XY-plane in A, Au, etc. (figure 23) are 
called a and those meeting the plane in points corresponding to B are called b, © 
then the points of inversion are located (1) at the intersection of a with an 
axis parallel to U,, (2) midway between two such points of intersection, (3) on 
an axis parallel to U;, midway between a and b or (4) half of the way between 
a and 6 and half way between axes parallel to U;. The inversions through 
these four points will be denoted by I, I’, I, and I,’.. These four inversions 
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are equivalent to inversions I, I,, I,, and 1 about the four points A, W, 
G, and M of figure 22. > 


123. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
136. 
137. 
138. 
139. 
140. 
141. 
142. 


Di oe re 
Di= iD, | 
Di,= IDE 108 ys 
Da = {Di, Tt 
Da= aye Li; 
De=to. de 


Din = (Di, I}. 
ert Di; ie 
De. ={D}, 1}. 
i= (Di, Te. 
Daa = { Di, I,}. 
Di={Ds. I, R 
an = {D§, I}. 
Dia= ‘Di Ik 
00, J, }. 


Ie}. 
Dee (De. Gl. 


ct at ee cee ice 


co 


oe + ct ec et 


oe 


ve kee Viale lot ms | le | Dae be tg | hee betel les es) ac | 


CUBIC SYSTEM. 


Tetartohedry.— 


The space-groups isomorphous with T can be obtained by combining certain 


groups V™ with the operation of a three-fold rotation axis. 


Except in the 


case of the group derived from V7, when it must be AA’, the position of this 
three-fold axis can be that of any diagonal of figure 22. ona rotation of 
angle ~ will be represented by A. \ 


143. 
144. 
145. 
146. 
147. 


T!={V1, A} 
T?={V7, A} 
T?={V8, A} 
Ti={V4, A}. 

s={V°, A}. 


Paramorphic hemthedry.— 


Yr, 

pe 

if Mt 
c 

Yr, 

rr LA 
c 


Since the point-group T,, can be derived from the point-group T by com- 
bining it with an inversion (as well as with the operation of a horizontal plane 
of symmetry), the groups isomorphous with T® can be obtained from the 


groups T™ by combining them with an inversion. 


This center of symmetry 
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lies either at a corner of the cube of figure 22 (A) or at M. ‘These two inver- 
sions will be called I and I,, respectively. 


148. Tha (T Th or 
1490 Te Ty Tees 
(50, That Ten 
161; ¢ Tes {Te 1) 1. 
162, ‘Th (TT) on,” 
163, Tes Te}. ote 
154, Ti = (TS 1}, 2” 


Hemimorphic hemthedry.— 


The groups isomorphous with T? can be derived by combining groups T™ 
with a gliding reflection in a diagonal plane. This plane can be taken as 
WMGA of figure 22. 


Fie. 25. 


{ 
159. TS={T?,S,(r}. 1,’ 
160. TS={TS,S,(r)}. 1," 


Enantiomorphic hemihedry.— 


The groups O™ result from combining groups T™ with the operation of a 
two-fold rotation axis. This axis may be taken parallel to UK of figure 22. 
If it passes through the point M of figure 22 the rotation will be denoted by 
Un, (2) if it has a parallel position through the point A by U, (8) if it lies in the 
line bisecting AM (see figure 24) by Uj, or (4) if it bisects MA’ by Uz. 


161. 
162. 
163. 
164. 
165. 
166. 
167. 
168. 


Holohedry.— 
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O'= (Tt, Ul.” 1 
it 


O?={T!, U,}. T, 
OF= (T? U}. zf 
— {T2, Un} rf 
Ob = {Ts, U}. aat 
Ofte (T*Us} = 1, 
O'={T4, U2}. if 


UisrT UU). ot Pe 


Since the point-group O? results from O by the operation of a center of 
symmetry, as well as of a horizontal reflecting plane, the groups Of iso- 
morphous with O* can be obtained by combining groups O™ with an inversion. 
These centers may be at A, A’, M or M’ of figure 25; the corresponding inver- 
sions will be called I, I’, Im, Im’. 


169. O,={01,I}.- 1r, 
170. Of ={0',1,,)}. T, 
t, (Oe =(0O) — 1, 
Tien eo, t.yo TS 
fare = (0% 1.28,’ 
174.. OF ={03, TI}. I,’ 
P52 Of (Ot lyst! 
76, ‘Oe {OF Fj. 1,’ 
i. UeeiO el}. FF,” 
Pere SOs yas on 
HEXAGONAL SYSTEM. 
RHOMBOHEDRAL DIVISION. . 
Tetartohedry.— \ 


The space-groups isomorphous with C; can be obtained by ‘combining 


the lattices T}, and Ty, with a three-fold screw axis. 


The translation-com- 


ponent of this screw-motion is to be taken along the Z-axis. 


179. 


180. 


181. 


182. 


2 
Cc} ={a(F), nt. Tr, 
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Paramorphic hemihedry.— 

The two space-groups C3} can be obtained by combining groups C3’ with 
an inversion (I). 

183. <Ca-={Ci, To Te 
184, Oo = Ch. pe ote 

Hemimorphic hemthedry.— 

The vertical reflecting plane will contain the vertical (Z) axis and either 
(1) the X-axis—of the point and isomorphous space-group—(AA’ of figure 
26), or (2) a line (AB of figure 26) which lies in the XY-plane and makes an 
angle of 60° with the X-axis. In the first case the reflection will be desig- 
nated §,, in the second §,. 


C3, Sa}. 
190. Cy = {C3, SAGA Ne Tn 


Enantiomorphic hemihedry.— 

The space-groups D}' result from operating upon groups C@ with a two- 
fold axis which has the position either of AA’ of figure 26, (U,), or of AB, 
(U,). 

191. Dj={ De 

192. D?={ oad 
1035 D3 = (C2, U,)s vik 
104” De Cli, Te 
195. D={ oe 
1OGmee Doe: Oe” Ul ae 
197 iC. Uy ae 
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Holohedry.— 


The groups D3q are most easily obtained by combining groups of D? with 
an inversion. This point of inversion will lie either at the intersection of a 
three-fold and a two-fold axis, (I), or midway between two such intersec- 
tions (I’). 

19887 De. {Ds llc fr, 
109. -D,47 3. 1) T, 
200:  Ds.== | Ds.) fe 
201. Da =i, Ue Et 
Ue aren =A Dui ok 
Eel DAE oe ig ena a 


HEXAGONAL DIVISION. 
Trigonal paramorphic hemihedry.— 
The single space-group isomorphous with C} is obtained by reflecting C} 
in a horizontal plane. 
204. Co. = igs Sn} . Ey 


Trigonal holohedry.— 


The groups D3} arise by reflecting groups D;' in a horizontal plane which 
either contains the two-fold axes, (S,), or lies midway between them, (S,). 


205. Dgn,={D3, Sa}. Th 
206. DA={D}. Sa}..Th 
207. D3= { dD Sn i rT, 
S082 Ds, =| Ds) Sati oly 


Hexagonal tetartohedry.— 


The space-groups isomorphous with C, result from ee a six-fold 
screw-axis with the hexagonal lattice. 


209. C; = a(3), nt. Th P ; 


WIA WIA 


oo |) eo| 
>” 

ue 
ee 

oe 


38 HEXAGONAL SPACE-GROUPS. 


Hemimorphic hemihedry.— 


The groups C@ are obtained by combining groups C¢’ with the operation 
of a vertical reflecting plane which passes through either the line AA’ or the 
line AB of figure 26. The reflection in the plane through AA’ will be desig- 
nated as §,. 


215% (Oped OF 821. ry 
216. Ce. =1C5, Bylr,J}. lr, 
PAN Peg @hee PAO 1-H he r 
218. Coy = (C8, Sa(75)}. Th 


Paramorphic hemihedry,— 


The space-groups isomorphous with C§ can be obtained by reflecting groups 
C% in a horizontal plane. 


219. Can= (cl. Si}. Th 
220. Ce — ey Si}: T, 


Enantiomorphic hemihedry.— 


The space-groups D; are most simply derived by combining groups Cf 
with the operation of a two-fold axis which coincides with the X-axis of coor- 
dinates of the point and isomorphous space-groups (AA’ of figure 26). This 
two-fold rotation will be represented by U,. 


Dole e =| CeO. ely 
222 sede 1 Ce, U. ye. le 
Gos a), = One Ue) ae Le 
224. 6={ 6) Ue YT, 
225. pat Cees are 
2265S Den Coulton be 


Holohedry.— 


The groups Dg, result by combining groups DP with an inversion which 
lies in the six-fold axis either at its intersections with the two-fold axes (I) 
or at points midway between such intersections, (I’). 


227. D&={D1,I}. Ty 
228. DéZ={D1V}. Th 
229. Dé={D5 I}. T, 
230. Dé={DS, I’}. T, 


CHAPTER Il. 
THE APPLICATION OF THE THEORY OF SPACE- 
GROUPS LO CRYSTALS. 


UNITS OF STRUCTURE. 


A space lattice has been definedt as the sum total of the points of-inter- 
section of any three sets of planes. These sets of planes partition the space 
into units of structure, all of the same size and shape. Such a unit is 
OABDEGFC of figure 18. There will thus be a unit corresponding to each 
of the 14 lattices; points of the lattice will be found at each of the corners of 
the unit prisms and in some cases other points of the lattice will lie in the 
center of the unit or at the centers of faces (as examples, T',’” andT',’’). If 
the lattice is a monoclinic lattice, the unit will be some sort of a monoclinic 
prism; if the lattice is cubic, the unit will be a cube, and so on. 


Fig. 27. The unit cell derived from Ty; The 
edges of this unit are of unequal lengths and 
make unequal angles with one another. 


Just as a simple lattice can be divided into unit prisms by three sets of 
planes parallel to the axes of coordinates, so any space grouping of points, 
built upon some lattice, can be similarly divided. The fourteen units of 
structure characteristic of the fourteen space lattices are shown in “figures 
27 to 34. The number of the points of the lattice to be associated with a 
unit prism can be readily told. For instance, in the case of the simple cubic 
lattice, I',, this number is one since each of the eight points of the lattice 
located at the eight corners of the cube is shared by the seven other cubes 
meeting at this point and there are no other lattice points contained in or touch- 
ing the unit. For the same reason the unit cube of a space grouping having 
this lattice fundamental to it will have a single group of equivalent points 
(the n points about a single point of the lattice) associated with it; each of the 
-8 corner-points of the lattice will contribute to the cube one eighth, and each 
a different eighth, of the equivalent points ranged about it. 


* P. Nigeli, op. cit.; Ralph W. G. Wyckoff, Am. J. Sci. 1, 127. 1921. 
+ See p. 22. 
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A consideration of the unit of the space-group already discussed in detail, 
CA, will make this more clear. The unit prism, OAFCGBDE of figure 20 
(see also figure 18), contains four equivalent points M, M’, M”, and M’”, the 
coordinates of which are M(xyz), M’(27x—x, 2ry—y, 2), M(x, y, 27,—z) and 
M’"(2r.—x, 2ty—y, 27;—z). Since, however, the arrangement about every 
point of the lattice is the same as that about every other, it follows that 
corresponding points of the groups about neighboring points of the lattice 
are entirely similar.: It is, then, so far as the expression of the relative posi- 
tions of equivalent points is concerned, permissible to consider 27,.—x=—x, 
—y=2ry—y, and —z=2r,—z.* The coordinates of the four equivalent 
positions of the unit of structure of the space-group Cen are thus: 

KY L5 eRe Va iy Ky Vg ae | eee Vee 
or, as it will hereafter be written: 
XyzZ; XYZ; xXyZ; xXyzZ. 

The number of points of the lattice to be associated with the units of each 
of the other lattices can be similarly obtained and from this the coordinates 
which can be taken as typical of the posi- 
tions of equivalent points within the unit 
of any space-group can be written down. 
The treatment of a slightly more com- 
plicated space-group will outline the 
necessary procedure. For this purpose 
we will take the space-group Cj, obtained 
by placing the point-group Cj at the 
points of the second monoclinic lattice 
T,, (figure 29). The unit prism of this 
lattice proves to be a monoclinic prism 
Fia. 28. If OX OY YZ and ZY is with additional points of the lattice at the 

ieee oe ne eer Saree centers of two of its faces. The eight 

Tie fMeE hres cde are: mae Oe of the lattice that are located at 

tually perpendicular and (1) the corners of the prism serve, as with 

OX #OY YZ, the unit corre- the space-group C,), to place within it the 

ae to ay Bi a RE rea equivalent points of one group (in this 

Hi ibis eas ce asa Nae instance, by definition, a  point-group). 

ee eres eis ot Le One half of the points about each of the on 
points of the lattice at the diagonals of faces (and opposite halves) lie within the 
unit prism so that these two points of the lattice together contrive to place within 
the unit a second group of equivalent points. If O of figure 29 is taken as 


* This simplification is geometrically justified (1) since the unit prism that has been chosen 
has no particular physical significance but serves rather as a unit that is conveniently visualized 
and (2) because the coordinates adopted actually define a group of equivalent points which re- 
peated along and parallel to the axes of coordinates will build up the entire assemblage. It is, 
moreover, justified analytically as an expression of the points associated with the unit prism itself (if 
one prefers to think of this unit) because as applied to the study of the structure of crystals, these 
coordinates define the interference effects to be expected from atoms placed at these positions; 


this definition involves sine and cosine terms within which 2rx, 27y, and 27, in 27x—x, etc., dis- 
appear. 
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_the origin, the centers of the second group of equivalent points will be for the 
half of the equivalent points at-P(0, ry, r,) and for the other half at the oppo- 
site point P’(27x, Ty, 7,). Keeping in mind the analogous case of C,, (figure 
20) the actual coordinates of the equivalent points within this unit are:* 


Z . SS = . 
xy > 2r.—x, 2ty—-¥, 2 3. ky, 27-2 3 27x—x, 2ty-y, 


27,2; 
X, Y+Ty, 2+7,;  27x—X, Ty—-y, 2+7,3 x, YET, Ta —2; 27. —X, Ty2°9;, 
Tr—Z. 
Just as was done for the space-group CJ, these coordinates can be reduced to: 
XyZ > XYZ ee SZ 3; XYZ ; 


x, Yty, Z+7,; X%,Ty—Y, Z+T2; X,y+ry, 72-2; X, Ty —-Y, TZ 
It will be observed that this process is equivalent to placing a group of equiva- 


co points (in this case a point-group) at the origin and at one other point 
Dats. Ts). 


Fig. 29. If YZ_b plane YOX and ZYF 
YO ¥OX and (1) if ZYOX #90", Fig. 30. This unit is a rectangular 


the unit corresponds to In’, (2) if parallelopiped; if YZA YOOX 
ZYOX=90°, it corresponds to it corresponds to I\.’(a), if, ZY 
Toth A YO=OX to Ii(b). 


The positions of the equivalent points within a unit for each of the space- 
groups can be expressed in the same way as the coordinates of the character- 
istic groups of equivalent points placed at typical points of the lattice.t The 
typical point or points of the lattice corresponding to a particular unit are in 
all cases the origin, as well as sometimes the center of the unit or, as in this 
latter instance, C.4,, the center of a side or the centers of several sides. The 
extension of this same line of thought to the rest of the 14 lattices will show the 
number of groups of equivalent points to be associated with the unit. Thus 
the coordinates of typical points of the lattice which serve as centers of these 
groups are those of Table 2. 


* This is true if z is less than 7x, y than vy and zthan 7, A slight and obvious modification 
which would yield final and reduced values the same as these, would define the points within this 
unit prism if one or all of x, y and 2 exceed rx, vy OF 72 

+ The general case of each space-group (Chapter IV) in which there are three variable para 
meters is obtained by placing the characteristic group of equivalent points at the typical points 
of the underlying lattice. 
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TABLE 2. 
Number of 
Lattice. associated Coordinates of 
lattice points. typical points. 
TRICLINIC SYSTEM. f 
1B Kh 1 O (000). Fig. 27: 
MonocLinic SYSTEM. 
a he ahs} O (000). Fig. 28. 
Sagi 2 © (000); P (0, ry, 75). Fig. 29. 
ORTHORHOMBIC SysTEM. 
A loa 1 O (000). Fig. 28. 
CT I aa 4) 2 0.,(000) :. Py (x7, Oe Fig. 30. 
baller) 2 QO: (000) PO; a ss'te)- Fig. 29. 
Gas 4 © (000); PO: x5, 1 2)5 
Prdrs; 7x; 0) 32 Pa (rs, 0; Fa). Fig. 31. 
Teoh iL brane, 2 O (000): Ps (72,5). w- Fig. 32. 
TETRAGONAL SYSTEM. 
8a. I, (a) it O (CCQ). Fig. 28. 
espe! epee) 2 O (C00); Py Gy ry; 0). Fig. 30. 
9a. Ty’ (a) - 4 O (000); P{0/ 73, 7.)3 
Py (rats Ole Pere ®, 72). Fig. 31. 
ine 1s" (b) 2 O (000); Ps (rx, Ty, 72): Fig. 32. 
Cusic SYSTEM. 
se } O (000). Fig. 28. 
tiated. 4 0:(000); B Oy res 
Pi.(rs, 73) 0)3 Po (re) ta Fig. 31. 
Aas Se 2 O (000); Ps (rz, ty Fale Fig. 32. 
HEXAGONAL SYSTEM.* 
ie ey pat BS 1 O (COC). Fig. 33. 
i“. Ts 1 O (000). Fig. 34. 


SPACE-GROUPS AND CRYSTALS. 


Every crystal, considered as a regular arrangement of atoms in space, 
must possess the symmetry of some one of the 230 space-groups. The theory 
of space-groups, then, supplies a method with the aid of which it should be 
possible to represent all of the ways in which the atoms of a crystal can be 
arranged in space. If an atom of a crystal occupies such a position that it 
corresponds with the coordinate position xyz of an equivalent point of the 
‘space-group having the symmetry of the crystal, then symmetry demands that 
exactly similar atoms shall be found at positions corresponding to those of 


* The unit cell for Tp can also be taken as a base-centered veoanere i 
. . . % th 
sides stand in the ratio of Pt aaa 
ew feaik na a:b:e =VW3:1:e. 
iggli (op. cit.) has worked out upon this basis the analytical expression for all of the 
having Ty as the fundamental lattice. Such a unit is useful when it is desired to oct 
hexagonal crystal with one exhibiting rhombic, tetragonal or cubic symmetry. 
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each of the other equivalent points of the space-group. Most crystals are 
built of atoms of more than one sort. Asa consequence if we find the atoms 
of kind A occupying the positions of equivalent point xvz and the other points 
equivalent to it, the atoms of B will be found at some other positions developed 
from x’ y’ z’, and so on. 

The atoms of a crystal may thus be thought of as occupying the positions 
of a sort of composite space-group developed by superimposing several sets 
of equivalent positions upon the same set of axes (and other elements of sym- 
metry). The atoms of a crystal, as a result, must be arranged in groups with 
centers at the points of one of the space lattices. Such a group of atoms has 


! 
WY 
| 
| 
| 
| 
| 
| 
| 


Ce 


Fic. 31. A rectangular parallelopiped. If Fic. 32. A rectangular parallelopiped. If 
YZ+~ YO XOX it corresponds to I,’ if YZAYOHOX it corresponds to I,’”, 
YZA~YO=OX to I;/(a), or if YZ=YO if YZAYO=OX to I;/(b), or if YZ= 
=OX to I’. YO=OX to Ty/’. 


been called a crystal molecule. In this sense the crystal molecule ‘is a purely 
geometrical conception and except under special conditions would not be 
thought of as possessing any physical significance. =< 

It is possible, of course, to think of a crystal as divided, in the same way 
that a space-group can be divided, into a large number of unit prisms by sets 
of planes passing parallel to the three planes each of which contains two of 
the axes of coordinates. Measurements of the X-ray spectrum from the face 
of a crystal together with a knowledge of the density of the crystal can be 
made to yield the number of chemical molecules that are to be associated 
with this unit of structure.* If a compound were of the type AB, where A 
is one kind of atom and B another, and if the atoms of A occupy the most 
general equivalent positions one of which is xyz, then there will be as many 
chemical molecules of AB associated with the unit prism as there are equiva- 

* The factor actually determined is n?/m, where n is the “order” of the reflection spectrum 


and m is the number of chemical molecules associated with the unit prism. The value of nm cannot, 
however, in general be determined so that m may usually have one of two or perhaps three valves. 
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lent points in the unit. This number may under certain conditions be rela- 
tivcly great. For instance, in the case of the space-groups having the sym- 
metry of the holohedry of the cubic system, the number of equivalent points of 
the point-group O*, and of the other groups of points associated with a 
single point of the lattice, is 48. If then the fundamental lattice of a holo- 
hedral cubic space-group is the simple cubic lattice I, and the compound 
crystallizes with this symmetry (as sodium chloride does, for instance), 48 
(if all of the A atoms are alike and all of the B atoms are also alike, and 
more if they are not alike) chemical molecules of AB must be placed within 
the unit cell; if the lattice were, on the other hand, the face-centered lattice 
I’, with four points of the lattice associated with the unit, this number of 
molecules of AB must be at least 192. 


Fic. 34. If ZO + plane YOX and 
Fic. 33. If the three edges meeting at O ZYOX=120°, a rhombic prism 


are of equal legths and make equal. two of the sides of whose base 
’ angles with one another, this unit cor- are XO and OY and of height 
responds to Ty. OZ serves as the unit for Tp. 


SPECIAL CASES. 


If, however, the values of x, y and z which express the positions of the atoms 
of A and B are such that the atoms lie upon some element of symmetry, two 
or more of the equivalent positions coincide and this number of molecules to 
be placed within the unit cell will be reduced. For instance if a point were to 
lie upon a plane of symmetry, it would of course be identical with its mirror 
image; or if it stood in a three-fold or four-fold axis of symmetry, three or 
four of the equivalent points would occupy the same position. In the space- 
group C3, (figure 20) if z is equal to7,, that is, to one half of the height of 
the unit prism, then the four equivalent points of the unit would occupy two 
positions (M coincides with M” and M’ with M’”’) or if x is equal to rz, and y 
to ty, the four points will have two equivalent positions (M will coincide 
with M’and M” with M’”). Ifx=y=z=0 then the four points will all unite 
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at the origin and there will be but one equivalent. position within the unit; 
the same is true if x=7,, y=ry and z=T,¢: 

The results of all of the X-ray experimentation which has thus far been 
carried out seem to point to the fact that this number of chemical molecules 
to be contained within a unit cell is in all probability very much less than the 
number of most generally placed equivalent positions. As a consequence the 
determination of these special cases of the space-groups becomes of the utmost 
importance to the person interested in the structure of crystals. 

A discussion of calcite, which has already been treated in detail by this 
procedure,* will serve to indicate the need for these special cases of the space- 
groups. The X-ray measurements show that almost certainly two chemical 
molecules of calcium carbonate are to be associated with a unit rhombohedron. 
Calcite crystallizes with a symmetry which is that of the point-group D§. 
Two space-groups isomorphous with D§, namely Dj, and D&, have I'v, as 
the fundamental lattice. Since two chemical molecules of calcium carbonate 
are to be associated with the unit rhombohedron, two calcium atoms, two 
carbon atoms and six oxygen atoms must be placed within it. These two 
calcium atoms may conceivably be alike or they may be different one from the 
other; the same is true for the two carbon atoms; and the oxygen atoms may . 
be for instance (1) all alike, (2) all different, (3) four alike and two different, 
(4) two sets of three like atoms or (5) three sets of two like atoms. Copying 
from page 157 it is seen that all of the potential atomic positions consistent 
with the space groups D3, and D4 are 
Space-Grovur D3): 


One equivalent position: 
(a) 000. (b) $3 2- 
Two equivalent positions: 
(ec) uuu; tid. 
Three equivalent positions: \ 
(d) 003; 030; 300. (ec) 033; 330; 203\, 
Six equivalent positions: PS 


Peer aug. Cun, U0; wou; Ou 

is Sere ete) tt deo 21 = 
(g) ut 3; ti 5 t; 7 UU, uug; uz uy, z uu 
(rauuy, Gvu; vuUu; Uave"0ed; Vid 


Twelve equivalent positions: 

(i) xyz; yax; mxy; YR2; XZY; ZYx; 

XyZ; YZk; ZSY; yxZ,; xXZy; ZYXx. 
Space-Grovup D3}: aba 

Two equivalent positions: 

(a) 000; $44. 6b) 44h 222 
Four equivalent positions: 

(c) uuu; Goa; —-u, ¥—-u, F—-U; Utz, U+G, Ut. 


NN 


* Ralph W. G. Wyckoff, Am. J. Sci. 50, 317. 1920. 
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Six equivalent positions: 
CVs Sea: aime aati or 
fe) wad,’ 010%; 00 
2) tae ue 
Twelve equivalent positions: 
(f) xyz; yx; Zxy; Yk2; XZ¥; ZX; 
+X, tv, :— 3, oy, 2—4, eet eel ee 2—Y; 
yth, xt4, a+4; x+4, 2+4, y+3; 2+%, yt2, X47. 
The attcmpt to write down on the basis of these coordinate positions the 
different arrangements of the atoms in calcite that are possible in the light of 
its symmetry immediately eliminates many of the possibilities just discussed. 
For instance it is clear that in neither case are there enough special cases of 
one equivalent position so that the two calcium atoms can be different and 
the two carbon atoms also different. The same fact shows that possibility 
(2) for the arrangement of the oxygen atoms may also be omitted from con- 
sideration; it can be similarly shown that there are in neither space-group 
sufficient special cases so that four of the oxygen atoms can be alike and two 
different. All of the possible ways for the atoms of calcite to be arranged 
can then be written as:* 


Arrangements arising from Dy: 
(a) Ca=uuu; att. 
C=u,u,u; t,t, ie. 
O=u2t20; TOW; Outre; %uw0; wOh; Ot uw. 
(b) Ca and C as in (a). 
O=Uste3; to Ue; FUete; tue}; Ute; 4 Deus 
(c) Ca ard C as in (a). 
O=UsteV; UVa; Viel bint; bv; Vii. 
(d) Ca and C as in (a). 
O=Up Ue Uy; Us U2 Ua. U3 U3 U3; U3 U3 U3. UgU4U4; Ug Uy Ug. 


(e) Ca and C as in (a). 


O=003; 020; 200. 033; 270; 203. 
Arrangements arising from D4): 
OiCa=c7 7) 222 or 0007 ee 
C= 0.0 05.052 $rer a2, ae 
O27) 2223 42414 fess) 2a 
(g) Ca and C as in (f). 


O=ui0; 00u; Oud; $—u, uts, 4; utd, 4, 4-u; 
2, 3—U, U+9. 

In this same manner all of the ways of arranging the atoms in any crystal 
ean be written down from a knowledge of the number of molecules to be 
associated with the unit cell (as furnished by the X-ray spectrum measure- 
ments) and from a consideration of the special cases of the different space- 
groups possessing the symmetry of the crystal. 


* These arrangements, giving as we have seen the iti ithi 

; : positions of the atoms within a uni 
which by simple translations along the axes of reference will locate all of the atoms in the ate 
are in a form which is immediately usable for testing them by further X-ray measurements | 


- 
( 


CHAPTER IV. 
THE COMPLETE ANALYTICAL EXPRESSION OF 
THE SPACE-GROUPS. 


Niggli has already recorded many of the simpler cases for the various space- 
groups. For some time the present writer has been engaged in working out 
analytically all of the special cases of the space-groups. The tables which 
follow are the results of these computations. They purport to give the coordi- 
nates of the most generally placed equivalent points and all of the special 
cases of these equivalent points contained within the unit of structure of each 
of the 230 space-groups. 

The analytical determination of the special cases can be quite simply 
earried out by equating the coordinates of one point xyz with those of each of 
the other equivalent positions within the unit cell. This will yield a series 
of special cases (if any exist) which can be further specialized by applying this 
same process to the coordinates of these special positions. The continued 
use of this procedure will eventually yield all of the special cases for a space- 
group.* By way of illustration the special cases of the space-group C2) 
(page 49) will be deduced. The positions of the most generally placed 
equivalent points in the unit cell of this space-group are 

SQW AR NeWan | SOW 
Fquivalent point xyz will have the same position as equivalent por XVz 
when 
(1) x=k, y=y, z=z; that is, when x=0 or 34 (Xa), y=0 or 3 (Xb) and 
z=w(Xc) her w is any fractional part of c. The lengths a, b, ¢ 
are unit lengths along the X-, Y- and Z-axes. 

It will have the same position as the point. xyz when \ 

(2) x=x, y=y, z=Z; that is, when x=u(Xa), y= v(Xb z=0 or 
3(Xc); u and v are any fractional parts of a and b, resp cavely. 

The points xyz and x¥zZ will coincide in position when aS 

(83) x=, y=y, 2=Z; that is, when x=0 or 3(Xa), y=O or L(x), 
2=0 or 4( Xe). 

The special cases of this space-group then arise from using these values 
for x, yand z. They are 

From (1): 
(a) when x=0, y=0, and z=w;f then 00w; OO0wW. 


* The algebra of this process differs in certain details from the more ordinary kind. For in- 
stance there arises from our previous definitions the fact that 0=1=2=° he -. Further- 
mn 

2n 


 fnore x=x=0 or 1, and x = }— x = for 3, and more generally x= 1/n-—x= , where n=1, 


« "tn this example and in all of the tables which follow only the fractional parts of the unit 
lengths along the different coordinate axes will be stated. If for any reason absolute distances 
of points are desired, it is of course necessary to multiply the coordinate values given in these 
tables by the proper values of a, b and c. 
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(b) when x=0, y=3, z=w; then O03w; 023W. 

(c) when x=4, y=0, z=w; then 40w; 30w. 

(d) when x=2, y=}, z=w; then $4w; $3W. 
From (2): 

(e) when x=u, y=v, z=0; then uvO; a70. 

(f) when x=u, y=v, z=4; then uvj3; 07%. 


From (8): 

(g) when x=y=z=0; then 000. 

(h) when x=3, y=z=0; then 4300. 

(i) when x=z=0, y=3; then 040. 

(j) when x=y=0, z=4; then 003. 

(k) when x=0, y and z=3; then 034 

(1) when x and z=3, y=0; then 403. 

(m) when x and v=, z=0; then 4240 

(n) when x, y and z=3; then 444 
We must now specialize by the same procedure each of the special cases 
(a) to (f). Inspection, however, shows that in the present instance this will 
lead to no new special positions. All of the special cases of the space-group 
Ce, are then defined by (a) to (n). 

The other space-groups can all be specialized in the same fashion. These 

special positions for each space-group are given in the tables which follow. 


TRICLINIC SYSTEM. 


A. HEMIHEDRY. 
Spacn-Group Ci. 
One equivalent position: 


(a) xyz. 
B. HOLOHEDRY. 
Space-Grovp C}. 


One equivalent position: 


(a) 000. (ce) 340. 
(b) 003. (f) 203. 
(c) 030. (g) 033. 
(d) 200. (h) 333. 


Two equivalent positions: 
(i) xyz; xyz. 


THE MONOCLINIC SPACE-GROUPS Ci—Co. 


MONOCLINIC SYSTEM. 


Space-Grovur C}, A. HEMIHEDRY. 


One equivalent position: 


(a) uv 0. (b)-uvi. 
Two equivalent positions: 
(c) xyz; xyz. 


Spacre-Grovp C?. 
Two equivalent positions: 
(a) xyz; x+3, y, Z. 
Spacr-Grovr C3. 
Two equivalent positions: 
(a) uvO; u, v+3, 3. 
Four equivalent positions: 
(b) xyz; xyz; x,y+3,2+3; x, y+, 3—z. 
Spacre-Group Cé. 
Four equivalent positions: 


(a) xyz; X+3,y,2; x, y+3,2+3; x+4, y+4, $—-z. 


B. HEMIMORPHY. 
Space-Grovpr C3. 


One equivalent position: 
(a) 00 u. (b) $0u. (c) OFu. (d) 44u. 
Two equivalent positions: 
(e) xyz; xyz. 
Space-Grovup C3. 
Two equivalent positions: 
(a) xyz; X, ¥, 2+. 
Space-Grovp C3. 
Two equivalent positions: 
(a) OOu; 0,3,u+3. (b) 30u; 3,3, Utz. 
Four equivalent positions: 
(c) xyz; Xy2; x, y+, 2+3; %,4—y, 244. 
C. HOLOHEDRY. 
Space-Group Cp. 
One equivalent position: 


(a) 000. (e) 03%. 
(b) 003. (f) 303. 
(c) 300. (g) 330. 
(d) 030. (h) 233- 
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Spacn-Group C,}, (continued). 
Two equivalent positions: 


i) OOu; O004@. (I) 44u; 393% 
GQ) OF uy OSal. (m)uv0; uvo 
(k) 40u; $07. (n)uvid; 73 


Four equivalent positions: 
(0) xyz; yz; xyZ; xyz. 
Space-Group Cy. 
Two equivalent positions: 


1 5 
(c) 243 : 
Four equivalent positions: 


(f) xyZ; X, nif z+3; XYZ; X, y, a 


These coordinate positions can be simplified by transferring the origin to 


the point a of this first set. They then become: 


Two equivalent positions: 
(a) 000; 003. (d) 22 
(b) 020; 03%. (e) uv 
(c) 300; 30>. 
Four equivalent positions: 
(f) xyz; &, ¥, 242; X,Y, 3-2; Xz. 
Space-Grovp C3}. 
Two equivalent positions: 


(a) 000; 033. (c) 390; 322 

(b) 003; 030. (d) 330; 303 
Four equivalent positions: 

(e) 022, Of 7502 faa 

42h; 424, 44h 424 

(g)°0.0 uy "0002 057 u-9 3, Oye on 

(h) 3 0u; 30%; +; oe u+3; - oe : 

(i) uv 0; uv 0; U, wae 3} U, 7, 
Eight equivalent positions: 

(j) xyz; X92; x, y+3, 2+3; % 3 

kyZ; xyZ; %,2-y,2—-%; x, y+, 


Space-Grovur C.y. 
Two equivalent positions: 


(a) 200; 700. (d) 220; 2390, 
(b) 22; 2235 (ec) 00u; 304%. 
(c) 203; 203. ) s2u; 090. 
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Space-Grovp C2, (continued). 
Four equivalent positions: 
(g) xyz; X92; x+3, y, 2; 4-x, f, 7 
These coordinate positions can be simplified by transferring the origin to 


the point € =) of this first set. They then become: 


Two equivalent positions: 


(a) 000; 400 (d) 040; 440. 
(b) 033; 333. Ce) 20u; $00. 
(©) 003; 404 © fhu; $40. 


Four equivalent positions: 
(g) xyz; §—%x, ¥,°2; x+%,.y, 2; X92. 
Space-Group C,}. 
Two equivalent positions: | 
(a) 40%; 707. (c) 
(b) 234; $24. (d) 3 
Four equivalent positions: 
(e) xye; 93,9, 24+45—x4+4,y, 2; 3—x, Fede: 
These coordinate positions can be simplified by transferring the origin to 


the point ie a of this first set. They then become: 
Two equivalent positions: 
(a) 000; 30%. (c) 00§; $00; 
(b) 020; $24. (2) 043; 340. 
Four equivalent positions: \ 
(e) xyz; 3—X, ¥, 2+3; X42, Y, 3-4; RZ. \ 
Space-Group C3}. 
Four equivalent positions: 
(a) 300; $00; 433; 232- 
(b) 403; £02; 220; 420. 
ES ee ae e & Omer & oo 
GE eee eer eee 
(e) 00u; 3 00; 0, 3; ut+3; 3) z au 


Eight equivalent positions: 
(f) xyZ; XYZ; x+3, M5 Z; ees y, Z; 
x, Y+R, 243; %,9-y, 243; x42, y+4; ia 
A change of origin to the point é 5 *) of this set of coordinates would simplify 
(a) and (b). 
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ORTHORHOMBIC SYSTEM. 


A. HEMIMORPHY. 
Space-Grovp C,\. 


One equivalent position: 


(a) 0Ou. (c) #0u. 
(b) OF (d) $#u. 
Two equivalent positions: 
(e) uOv; OV. (g) Ouv; Otv. 
(f) udv; tiv. (h) 4uv; jiv. 


Four equivalent positions: 
(i) xyz; Xyz; xz; xyz. 
Spacn-Grovur CY. 
Two equivalent positions: 
(a) uOv; @, 0, v-+3. (b) udv; ti, $, v+. 
Four equivalent positions: 
(c) xyz; %, ¥, 243; x¥z; &, y, 2+4. 
Space-Group C,}. 
Two equivalent positions: 
(a) 00u; O, 0,,u+3. (c) $0 
(b) OZu; 0, 3, u+z. (d) 33 
Four equivalent positions: 
(e) xyz; X9z30%, 9, hae Y, 24-4- 
Space-Group Cz. 
Two equivalent positions: 
(a) OOu; $0u. (b) $4u; Of4u. (c) }uv; #iv. 
Four equivalent positions: 
(d) xyz; X92; x+%, ¥, 2; 3—x, y, 2 
Space-Grovur C,,. 
Four equivalent positions: 
(a) xyz; &, ¥, 2+3; x+2, ¥, 2; 3—x, y, 24. 
Space-Grovup Cz. 
Two equivalent positions: | 
(a) OOu; 4%, 0, u+3. (b) 3u; 0, 4, u+3. 
Four equivalent positions: 
(c) xyz; k¥2; x+3, ¥, 243; 3—x, y, 2+. 
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Space-Grovur CZ. 
Two equivalent positions: 
(a) Fav; 3, Gove. 


Four equivalent positions: 


(b) xyz; x, ¥, 2+3; x+4, 7, 24#5 4-x, y, 


Z. 
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A slight siroplification can be effected by transferring the origin of coordi- 
nates to — of this first set. They then become: 


2 
Two equivalent positions: 

(a) Ouv; 4, a, v+4. 
Four equivalent positions: 

(b) xyz; 4—x, J, 2+3; 

Spacre-Grovup C3. 

Two equivalent positions: 

(a) OOu; 44u. 


Four equivalent positions: 


e Se bee! ° 
(c) XYZ, XYZ; x+3, la et 


Space-Group C.). 


Four equivalent positions: 


x+3, J, 242; yz. 


(b) 30u; OFu. 


1 1 
3—X, yt+3; Z. 


(a) xyz; , ¥, 2+3; x+3, 2-Y, 23 3—xX, y+%, 2+. 


Space-Group C;°. 
Two equivalent positions: 
(a) OOu; 3, 3, u+z. 


Four equivalent positions: 


(c) xyz; x¥z; x+4, $-y, 2+3; 


-Spacu-Group Cy. 


Two equivalent positions: 


(b) OFu; 3, 0, ut3. 


(a) OOu; ZFu. (b) 3 0u; 


Four equivalent positions: 
. 13 . 
tc) 7 Fu; 77; aauy, 


3 
4 
(d) u0v; Ov; u+},3, Vv; 3 
(ec) Ouv; Otiv; 4, ut3, Vv; 3 


Eight equivalent positions: 
(f) xyz; XYZ; 


1 Behe Aes . 
x+i, y+, Z} g—-X,7—Y, 4; 


1 
3—-X, y+; Z+%. 


O4%u. 


pe | e 
E+3; a—Y, 4; 


XYZ; 


1 BE 
a= Ky Vr ayo 
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Space-Grovup C3. 
Four equivalent positions: 
(a) uOv; a, 0, v+3; utd, 3, Vj 3—-U, 3, VT2- 
Eight equivalent positions: 
(b) xyz; %, ¥, 2+3; x2; X, y, 2+3; 
x+$, y+4, 2; 4-x,4-y, 244; x+4, 3—Y, 2; 
3—X, y+3, Z+3. 
Spacr-Grovur C23. 


Four equivalent positions: 


(a) OOu; 33u; 0, 0, utd; 2, 2, u+2. 
(b) OF uj» 40u; 0, 4. u+4; 4, 0, utg. 

11 ° 3 3 . 1 3 1. 3 1 1 
(c) deadly “sea US td U-F3; 4) 4) u+z2. 


Eight equivalent positions: 
(d) xyz; XZ; x, ¥, 243; x, y, 244; 
X+3, +2, 2; 2-X,2—-Y, 2; X43, 2—Y, 243; 
2—X, y+, 244. 
Space-Group Cos. 
Two equivalent positions: 
(a) OOu; 0, 3, ut+?. (b) 3u; 3, 0, ut+3. 


Four equivalent positions: 


(c) u0y; DOV, Ways, a, $, V4; 

(dy Ouwv5) O'R V3 °0, u-+-4) Ves 20; o— 0 ve 
1 . Li e 1 . 

(e) gUV, gUV; 2, u+3; v+3; 3; 3—U, v+i. 


Eight equivalent positions: 
(f) xyz; XYZ; XYZ; KyZ; 
X YT 249; I-y, +3; X3-Y, 249; ¥ yth, 2+. 
Space-Group C3). 


Four equivalent positions: 


(a) OOu; OFu; 0, 0, ut9; 0, 3, u+. 
p Li 5 1 . co 

(b) 32 U, 3 0u; * i; u+3; 4; 0, u+ 3. 

(c) utv; gv; u, %, v+3; wd, 2, v+}. 


Eight equivalent positions: 


(d) xyz; ¥z; 


= ° = b < . 
a XYZ x,y; Z+3; x, y, Z+3; 
1. pt . = 
X, Vrs Z+3; X,2—Y; Z+4; x, 5—Y; Z, xX,y Z. 


+3, 
Space-Grovup C}°. 
Four equivalent positions: 
(a) OOu; 30u; 0, 3, ut3; 
(bh) fuvys 70 v0 eu-teaes 


loo bole 

Sones 

bolt bole 
. 


THE ORTHORHOMBIC 


Space-Group C3 (continued). 
Exght equivalent positions: 


(c) xyz; 
X, Y+3, 243; 


Space-Grovup Ci’, 


Four equivalent positions: 


SPACE-GROUPS C3°-C?. 


SEF, FF2; 
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ui . 
g—X, y, Z; 


ht Comma a 
ee, 2 OS 


1 1 
aX, yt, a+. 


Poe as ee 3 
(a) 00u; 22U,; ct 0, u+4; 0, +, u+3. 
Eight equivalent positions: 
. Sita. = c. re . 
(b) XyZ; XYZ; > oat y; Z+9; tS Mis Bras 
1 i. ee 5 1 : : 
X, yts, Z+3; X,2—Y, Se Xx+3, ry, Z; eee yes Z. 
_Space-Grovur C38. 
Four equivalent positions: 
“adi ee I | ‘ 
(a) 00u; z2u;, 3, 0, u+4; 0, uy U--3- 
Eight equivalent positions: 
pion Mew ke RL ioe S Jie 
eee 0s ag, US, 2) 2) 
SC emt fies De mS ee a eck an 1 
pag gy a, ay UTS Tt Ue 
= zee Fi: : 
(c) uO Vv; u 0 Ve u+3, oF Visteon U, a Vv; 
ty 1 1 Lon et 1 
u+3, 0, v+3; Seely 0, irae 2 U, 3, Ve; U, 3, v+z. 
Fi = 1 ee PT ‘ 
(d) Ouv; Ouv; 2) ut+3z, Vv; 3,23—U,V; 
a ie ae che 1 1 1 1 
a, u, v+3; 3, U, Vere; 0, n-Fe, v+3; 0, z—U, v+3. 
Sixteen equivalent positions: 
(e) xyz; XVz; xyz; yz; 
: 1 tee 4k 1 
x+y, ¥+3; Z; = a—Y, 4; X+3; 3—Y, 4, 27 —X, yts, Z; 
= an 1s cle Ge Ace 
xa ey Z+3; =x, y; 2-35 x+3, y; Z+33 3—X, y; L435 
Pee eee) 1% 1 1. gs ay 
x, y+, Z+3; Xo oc Ys Z+3; X,3—Y; Z+3; X, y+; Z+3. 
Spacsn-Grovur C3). 
Eight equivalent positions: 
Z - 1 4 Lae See: Ls 
(a) 00u; 73; 4) 4) U--45 4) 4) Use2s 
P y oi. ol cia Ss 3 
ue 0, U+3; 0, x Us; 4) 4) oy a 4) 4) Ue 
Sixteen equivalent positions: 
mire oe oa) i. 
(b) xyz; XYZ; K-47; a Sey Z+4; 
iL 1 Le 
SSVI ase as 
4 . Sie as 1. 
X-be; y+3, Zs +X, ay; Z; ae hee Yo9 B44; 
3 3 Gh 
4—%, y+i, L+-33 
: = i (3) eels 3. 
XS; y; 2+3; 3 x, y, Z+3; EA aly ra aA Is Z+4; 
3 1 Ye 
Zh es) yaa; 21-43 
6 = 15 pM ge ae 3. 
X, vrs, Das x, 5 y) Z+s; sin ayes Baas 


+—x, y+, a-+2. 
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Space-Group C22. 


Two equivalent positions: 

(a) OOu; 3, 3, Ut? (b) 30u; 0, 3, ut+3. 
Four equivalent positions: 

(c) uv; DOv; ut}, 3, v+3; 3 

(d) Ouv; Ov; 3, u+%, V+3; 4, 3—-U, V+2- 
Eight equivalent positions: 
(e) xyz; X92; XYZ; XYZ; 
x43, y+3, 243; 3-x%,3-Y, 243; X+4,2—Y, 242; 

4—X, y+3, 22. 

Space-Group C3}. 


Four equivalent positions: 


(a) OOu; 34u; 0,0, ut3; 4, 3, u+z2. 
(b) OFu; 30u; 0, 4, utd; 2, 0, ut?. 
Eight equivalent positions: 
(c) xyz; XYZ; X, 9,245; % y, 243; 
Kars; yt+3, Z+$; 4—x, AY, Z+3; x44, Let Z; 


2—%, Y+2, Z 
Space-Group C322. 


Four equivalent positions: 
(a) OOu; Z0u; 3, 3, ut+3; 0, 3, u+3; 
(b) Suvi Stv; 2 cu-ay v3 et en, ee 
Eight equivalent positions: 
(c) xyz; XYZ; x-+4, 3, 35 - $—r¥oue 
x+3, ¥+3, 243; 9-%,4—Y, 243; x, 4—Y, 249; 
&, Yt, a+3 
B. HEMIHEDRY. 
Space-Grovur V’. 


One equivalent position: 
(a) 000. (d) 004. (g) 0 
(b) 300. (e) 330. (h) 3 
(c) 030. (f) 303. 


’ Two equivalent positions: 


(i) u00; aO0O0. (m) 0u0; O00 (q) 0OOu; O04. 
Qj) u03; 003. (n)0ug; 005 (r) 30u; 300. 
(k) u¥0; 30 (o) $}u0; 420 (s) OFu; 044%. 
Q) uz3; 033 (p) zug; 20%. (t) $Fu; 930. 


Four equivalent positions: 
(u) xyz; xyz; XyZ; xyz. 
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Space-Grovur V?. 
Two equivalent positions: 
(a) u00; a08. (c) Out; O18. 
b) uba; 050. @) sud; $08 
Four equivalent positions: 
(e) xyz; x¥Z; X,y,9—-2; %, 5,a+}. 
Space-Grovup V*. 


Two equivalent positions: 


(a) OOu; 32%. (b) OFu; 3400. 


Four equivalent positions: 


(c) XYZ; x+4, ay; Z; 4X; yt+3, Z; XYZ. 
Spacn-Grovup V*. 
Four equivalent positions: 
e 1 Se < e = 
(a) XYZ; xs; 3—Y; Z, xX, y+3, 4-2; $—x, y; 2+}. 
Space-Grovur V°. 
Four equivalent positions: 
“ = . 1 5 1 
(a) u00; 7104; UES; 3, 0; 3—-u, 2) oP 
eee gerss US, ts $5 ou, 2. 
Eight equivalent positions: 
3 =~. => 1 ° = e 
(c) XYZ; XYZ; X,Y, 7-2; x, Y, Ze 
5 =. 1 5 
x+3, y+, Z; x+-4, 3-Y, Z) $—x, 7s; 5-2; 
4—x, 5—Y; z+ 


Space-Grovur V°. 


Two equivalent positions: 
(a) 000; 370. (c) 033; 30%. 
(b) 300; 030. (d) 333; 003. 


Four equivalent positions: 


(ec) u00; 700; u+$, 3,0; 4—u, 3, 0. 
Gy) udss; 144; ) u+4, 0; 4;) $—u, 0, 4. 
(g) Ou0; O00; 3, ut%, 0; 3, a—-u, 0. 
(h) zUd; 303; 0, u+4, 33 0, 3, a 
(i) OOu; OOD; ¥fu; $44. 

(j) OFu; 030; 40u; 4024. 

(k) $4u; 240; $20; sou. 

Eight equivalent positions: 
Q) xyz; XZ; KyZ; 


x. Phetoa st DR ee We 
x+4, y+3, 2; x+4, $-Y; 2; Dae TA ance 3—X,37Y; 4. 
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Space-Group V’. 


Four equivalent positions: 


(a) 000; 330; 303; 0373. 

(bl) 300; 030; 003; 33%. 

OMe a ae ye tte eS 

Gattis Pit ea rie iat 

Eight equivalent positions: 

(e) u00; 100; u+4, 3, 0; s—u, Z) 0; 
u¥3 3; 0533 u+3, 0, 33 4—U, 0, 3. 

(f) 0u0; 000; x, u+4, 0; 4; 3—Uu, 0; 
yud; is; 0, u+3, x 0, Z—U, P 

(g) 00u; 00%; 0, u+3; Z, 0, $=—U; 
yu; 32 U; 0, a) u+3; 0, i; s—U. 

Ge oe al aw or LER ole <0 sae WMr ye Se (oat 
iy ph ame er RLS ty je a Ey eed ns 2 

(i) 705; eu 4; re $= ot rt +a + 
oe, GU ey oy Unies, al ee ee 

Ge ae an ie eee sag Per ge, fem Mee Phen Fy 
Usd, 054; u+e.4, th 4 eee 


Sixteen equivalent positions: 


(k) xyz; XYZ; yz; XYZ; 
eta y+, Z; > Sak f Denil Z; 1s y+3, Z; $—x, b igeh Z, 
x+3, Y) Z+3} aed, y; +7: +X, None a5 3—X, y; Z+3; 
Xx, ya; oe: Xx, a's $—Z; x, y 2; +—35 X, iF, 2+. 


Spacr-Grovup V°. 


Two equivalent positions: 


(a) 000; 344. () 004; 340. 
(b) 00; 033. (d) 303; 030. 

Four equivalent positions: 
(ec) u00; 000; u+%, 3,4; 3-1, 4, }. 
(f) u03; 003; u+$; 3 0; ;—u, cP 0. 
(g) Ou0; 000; 3, u+d, 3; 4, 4—u, #. 
(h) Oud; 003; 2; u+3; 0; 2; +=; 0. 
(i) 00u; 000; 3,3, ut; 3, 3, $-u. 
G) OFu; OF6; 4, 0, u+3; 4, 0, #-u. 


Eight equivalent positions: 
(k) xyz; XYZ; xyz; XYZ; 
> y+, Z+3; Soe. 3—Y; +2; ss ys 3-2; 
2—X, 3—-Y, 2+4. 


a 
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Spacr-Grovr V°. 
Four equivalent positions: 


(a) wO4; ~$—u, 0, $5 093; wh, 4, 2. 
(b) Zuo re $—; 0; U5; = u 2; 3. 
(c) OF u; 0, i,.$—u; 320; 2; yk 3. 
Eight equivalent positions: 
(da) XyZ; x, J, io ‘x, MA) 
x+3, y+; z+3; x+3, }- 7,2; %, Yer 


C. HOLOHEDRY. 


Space-Grovr Vj. 
One equivalent position: 


(a) 000. (d) 303 (g) 033. 
(b) 300. (e) 030. (h) 23%. 
(c) 003. (f) 330 
Two equivalent positions: 
(i) u00; O00. (m)Ou0; O00. 
(j) ud wi 04. (n) ses 0a }. 
(k) uZ0; 040. (0) 4 570. 
Q) usa; 3%. (p) 3 < 703. 
Four equivalent positions: 
myOnyv O01 0u?; Ot v. 
(v) uv; $04; Fut; giv. 
(w)uOv; u0V; TOV; TOV. 
(x) udv; ud¥; 4d; fv. 
(yay 0 -uv 0; Uv0; 170. 
(z) uv4; uv; ivy; uth. 
Eight equivalent positions: 
(a) xyZ; xyZ; XyZ; xyz; RZ; Kyz; 
Space-Grovp V;. 
Two equivalent positions: 
py OE 23%: (c) 003; 2 3 0. 
(b) $00; 0493. (d) 404; 030. 
Four equivalent positions: 
(ce) 2245 he EAS GEE Fat 
Perit, 227 aetts 2 
(g) u00; a 00; 3—u, 3, a; u+3, + 3. 
(h) u03; i035; 4, 3, 0; u+4, zh 0. 
(i) Oud; 000; f 7; 33 4} u-+g, 7 
(j) Oud; O03; 4, F-u, 0; 3, uta, 
(k) 00u; 00%; 4; 4} c=; oe z u+3. 
040; 3,0, —-u; 4, 0, uta. 


() Ogu; 


(q) 00u; 
(r) OF u; 


\ 


XYZ; 


xyZ.\ 


el 


Ye Le CO © 
f=} 


vie OC vik © 
ci 


>] 
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Space-Grovup Vz, (continued). 
Eight equivalent positions: 
(m) xyz; ° x7 2 eyes yz; ; 
#—X, $Y; Rem Dae yt+3, a+; x3; i-Y, +4; 
x+3, y+2, 7-2 
Spacu-Group V3. 


Two equivalent positions: 


(a) 00%; 002 (e) 000; 00%. 
b) $44; 344 () 400 404. 
(c) 034; O34 (g) 033; 070. 
(d) 30%; 20% (h) 222; 2709. 
Four equivalent positions: 
G u00; 0100; 104; 10}. 
(Gj) uo3; O53; 070; uz. 
(k) OuO; O00; O03; Ougz. 
Q) Zug; 703; 2700; 2u0. 
(m)00u; 00%; 0, 0, 3—u; 0, 0, u+4. 
(n) eu; z 3 U; re z; ae yy; 3) u+3. 
(0) 03 u; 03%; 0, a; Z—U; 0, oP u-+4%: 
(p) 3 0u; z 01%; 5, 0, 4—a; ¥, 0, u+z. 
(Quis; uve; tv7; ants 
Exght equivalent positions: 
(r) xyz; x FZ; RyZ; XYZ; 
X y, 7; X, y> +3; x, y; Z+3; xX, y, 3-2 
Space-Group Vz. 
Two equivalent positions: 
(a) 000; 330. — (©) 053; 303 
(b) 300; 030. (d) 323; 003 
Four equivalent positions: 
()er4.0; 22 Oye eh Oe £0) 
Gn ors haa ere Marae ty owe 2 
(g) u00; 0100; 3—u, 3; 0; u+4; 4; 0. 
(h) ug33 ug; =U, 0, a; u+3, 0, 3: 
(i) 0u0; 000; Le $—u, 0; ¥, u-+3, 0. 
(j) cakes 303; 0, 7—u, 2 0, u+3, iE 
(k) OOu; O00; $40; 44u. 
@) Ofu; 0f%0; 400; $0u. 
Eight equivalent positions: 
(m) xy 2; x Vz; xyz; X¥ 2; 


A Walle = peta Sn : ee ‘ = 
Z3—X, 3—-Y, 4, 3—-xX, V4, Z; ae, 3—-Y, Z; xia, yr Z. 
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Space-Group V;>. 


Two equivalent positions: 


. 1 
(a) oe Nee (d) 333; 330 
(b) 00; 303. (ce) Oud; O03 
a on 
(c) 033; 030. (f) gud; 203 
Four equivalent positions: 
(g) u00; 100; G04; ud 
h) ud4; O34; 090; ufo 
Gi) Ouv; OF; 0, u, }—-v; 0, G, v+4 
(j) FV; 509; 3 u, 7-73 3, u, Vices 
(k) wv 7d; u¥Z; avis rv? 
Eight equivalent positions: 
: Cee a; x98; %, y, 3-2; &, Frets 
XYZ; Xyz; x, ¥, 2+3; xX y, 2 
Space-Group V3. 
Four equivalent positions: 
(a) 420; 420; £23; 232. 
(b) 244; 244; 240; 440. 
(ep Os) 0055 (g—u, 79,05. us, 34 
(d) Oui; 0c 2; +, +—u, 3: 3; u+3, 7 
Eight equivalent positions: 
(e) xyz; XYZ; Rinne 2 %, ¥, 2+3; 
1 1 


2% fae Z; 7, .— a+; 

X+3, Y+, 7—% 
A slight simplification of the two uniquely defined positions [(a) and (b)] 
this first set. aS 


Space-Grovp Vy. 


can be effected if the origin of coordinates is changed to the point 


Two equivalent positions: 


(a) $00; $03. (c) $33; £20 
(b) $00; 203. (d) #3 35240 
Four equivalent positions: 
(e) u00; a 2} 27—U, 0, 0; +4; 0, 2 
(f) ug3; 030; g-u, 3,2; uts, 2, 0 
(g) Oud; 00%; 40%; dud 
(h) UY; ZUa; . U, ioe Os 4; u, vt+3 
Eight equivalent positions: 
(i) xyz; XYZ; X,Y, 2-4; X, ¥, 2433 
gg y, Zz; eo Y, 4; x-+3, y; z+3; x+3, Y) 3-2. 
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Spacr-Grovp Vj (continued). 
Tx 


By shifting the origin of coordinates to the point (5) of this first set, these 
positions become: 
Two equivalent po:itions: 
(a) 000; 203. (c) 02 
(b) 700; 005. (d) 23 


Four equivalent positions: 


(e) u00; a00; 7; 0, 3} u+3, 0, z. 
(f) u4 4; hae —U, x 0 u+4, 5; U. 
(g) gua; 204; £04; gud. 

th) Ouv; 00%;. 4, u, F—¥; 4, ov 


Eight equivalent positions: 
(i) xyz; x¥Z; 3-X, y, 3-2; 3—x, ¥, 243; 
XYZ; XYZ; x+-4, y, 2+3; x-+4, yY> = 
Space-Grovp V;. 


Four equivalent positions: 


(a) 070; O70; 0235; O73. 
(bsae) teen aia, 2 
(c) u00; 704; G40; usd 
(Hints OU S500 50, 25 Og 
(eC); eal tye ay 8 Ub eae et gee 
Eight equivalent positions: 
(f) xyz; xa; Keyes Ppa Sy 


xX, cee ae Z, x, Vor; Z, X, one +33 xX, y+, 4-2. 
The unique cases can be simplified by transferring the origin to the point (a) 
Space-Group V2. 


Two equivalent positions: 
(a) 000; 330. (c) 03 
(b) 003; 32%. (d) 03 
Four equivalent positions: 


(ec) OOu; 000; 330; Z3u. 
(f) OS.uz2. 0 9rig$ 0 a 0 u. 
(g) uv 0; uv 0; u-+3, $—V, 0; 4—u, v+3, 0. 
(h) uv 3; G%3; utd, $—-v, $; 3—u, v+H, §. 


Eight equivalent positions: 
(i) “Xy2; 4. X-hag-¥, 23 F—-Xy yg, 2B; eye 
X¥Z; @—%, Yd, 4} X+4, 9-y, 25 xy2. 
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Space-Grovurp VY. 


Four equivalent positions: 


11iil 3 1-33 1 3rd. 
(a) $24; ee Tees kot ee 
eashn et ara: 5 
(ob) $23; 244; 2$34;-432. 
e a 1 
(c) 00u; g22uUu; 23, 3, $—U; 0, 0, u+}. 
1 ai 71° 
(d) OF u; 7 00; z 0, e—U; 0, 2 u+#. 
Kight equivalent positions: 
. «2 TV 
(e) XyZ; xs, 4 2g y; 2; g—X, y+3, 2 ) XYZ; 
i— a po v . - 
X,2—Y, 7—Z; X, y; 2+3; xX, y, 24-3; $x, 3 y; Z-F¢ 


tx Uy, as : 
By shifting the origin to G > e) the uniquely placed arrangements can 
be slightly simplified. 


Spacn-Grovup Vi. 


Four equivalent positions: 


(a) 020; 320; 320; 020. 
(b) O23; 323) 4224; 024. 
(c) OOu; 330; OF0; F0Uu 
(d) ZUV; ftv; : =; V; “yh Us, Vv 
Eight equivalent positions: 
(e) xyz; Se ge 2) 3 —X; VS 23 “392; 


=a Z; a. Ss, y, 4; ogee y; Z; x, yt, Z 
The unique cases can be simplified by placing the origin at the point (): 


Space-Grovurp V’2. 


Two equivalent positions: 


(a) 004; 33% (c) 03%; z 0 §. \ 
b) 008; 344 (d) 04%; 404, 
Four equivalent positions: 2a 
(e) 00u; 340; , 3) u+4; 0, 0, gu. 
(f) 03u; 3 07; _ 0, u+s; 0, +; ;—u. 
(g) WVeas Spee u+%, 3 z—V, - +—U, Ves; it 
Eight equivalent positions: 
(h) xyz; x+4, 3—Y, 2; $= xy ts 2 ee ay 4; 
X, ¥; Dee a.) y+, Z+3; X+3, 2 a ma Ee x, y; 4-2. 


> ake Tz 
The unique cases can be simplified by changing the origin to ‘oP 


Spacr-Grourp V},. 


Two equivalent positions: 
(a) OOu; 33%. (b) OFu; 5040. 
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Spacn-Grourp V}? (continued). 


Four equivalent positions: 


THE ORTHORHOMBIC SPACE-GROUPS V}-V}. 


° 1 3 e 3 3 
(co) 44 $20; 240 er, 
(d) 434, 222, 284. 222 
4 2 442) 442) 44 2° 
Riaes z. 1 = 
(e) Ouv; Oav; 3; 3—u, Vv; 3 u+2, v 
ocr eo: i ek i tar 
(f) u0v; ; uOv; ce 0 hy Mer u+z2, 2, V 
Eight equivalent positions: 
aes 1 aL OL ei tie bee 
(g) XYZ, +4, Bi Vili ion Meets ¥st-&; Z,; XYZ; 
1 = eee ee 1 pie 
Ek, FAY; 2; ORY Zyl X25) Say aye 


he, oid 
The unique cases can be simplified by changing the origin to CG i) 


Spacn-Grovur Vii. 


Four equivalent positions: 


1 Wp ae 5 113. 3 p 
(a) 4 Guay D0 204 
3 3. pe ee 3 Teh. 1 3 
(b) 204; 224; 224; 207 
. j a eS 1 1 
(c) 00u; 22U; 2, 0, 5 ae 0, 2) ut? 
Eight equivalent positions: 
. + 2 a 2 1 a ee 
(d) XyZ, x+2, Sway Bigs ytz2, Z; XYZ; 
an A 03 = a5 1. aN 1. 1 1 
Pimawey Yok ey. Bey y.-F3; Z+3; SN saa, Z+3; x+2, Y, 2—Z. 


By changing the origin to the point ( ; - 


Space-Grovur V}. 


Four equivalent page | 


the unique cases are simplified. 


(a) 000; 430; 054 304. 
— (b) 2335 doe 200; 030. 
Eight equivalent positions: 
(c) xyZ; PS) +—Y, Z; x, y+, a= a: s—%, y; z+4 
XZ; es Vous Z, X, 7%; 2+3; xe y; 3—Z 
Spacze-Grovup Vi. 
Four equivalent positions: 
(a) 220; $20; 244; 223. 
b) 424; 224; 220; 420. 
(c) ny 3; -—U, v; 0, u-+Z, ae 3; u, Vi ae 
Hight equivalent positions: 
(d) XyZ; x+3, 2—y; Z; X, y+}, a—%; 3—%, y, Z+3; 


1 al in = ; 
2X, gay, 2; XYZ, 


The unique cases are simplified when the 


pga e 
2 ae y; z+% ’ 


x; yt+3, 3-2. 


origin is changed to te B 


THE ORTEOREOMBIC 


Space-Grovup V1’. 


Four equivalent positions: 


(a) 000; 004; 440; 4 
1 A Af 
(b): 400; 4045 02000 
5 ty eae 4 
(c) Oud; 00 7; F u+4, 
Eight equivalent positions: 
ae ry 173 . 3 e 
(d) 420; 420; $34; 2 
230: 340-44 40>1 
44 ) 44 ) 442) 4 
(e) u00; 000; ru, 2; 
003; u0%; utd, 3, 
(f) Ouv; 0, u, }—v; 3, 
Sey = p 1 
OUV; 0, ) v+3; 2) 
i. = . 
(g) uv gq; uv; u+3, We 
Ce ie = b 1 1 
May UVic) Us 
Sixteen equivalent positions: 
° he = at . 
(h) RV Ase Apes Ny oF As 
V2, RYE SNe 2S; 
1 i A a 
x8; ys, Z; i ee 
1 1 a 1 
pay pee eee Aree eee See fp 
Space-Grovur V'3. 
Four equivalent positions: 
1 A 3 pes eS wel ° 1 
(a) 200; 203; 220; 4 
+ F 1 A 3 
Piero Arie 22 0; 4 
Eight equivalent positions: 
(02.0; 020; 074; 0 
par | - 2 Re B = 12 yas a 
70; 220;- 975; 3 
(d) u00; G03; 3 —-u, 0, 
3 Ee IS Gil A 1 1 
Use; Uy OF 9-U, zg, 
se 5 Ors oe Be 1 1 
(e) ws; Uae as ae oe Uy 
Oat; 7UZ; 2, ut2, 
a 3 x 'e 3 
(f) zu; 7 UI see Aer 
7 <e 3 = 1. 3 
409; 710) We Misr ae 
Sixteen equivalent positions: 
(g) xyz; XYZ; 
a 1 s 
+x) Vo 25) 3%; Ys 4; 


Ka Y+49; 2} 


a 


i eee! 7 
X+3, 2—Y, 4 


=. os 1 1. 1 
’ ¥—Y, Z; X, ys; Lise She Srey 213; Xx, yts; 


SPACE-GROUPS Vivi’. 


oie 
2 2° 
Pow 8 
a2 
De le 3 
2 ar ger, a 
31. 
42) 
a le 
4 2° 
as i 1 1. 
2) u+3, Pee abi 
0; $5 U; 2; 0. 
1 . 1 1 al . 
alsa; Vig 02s U3, pyem 6) 
: ed in Ow gl 1 
MES ime oui teal I Vina. 
EO Lire eas ior 
Sti Ure s Vs ae 
3. a 1 L 
Se 7 he ApS ‘Gary 4° 
> <7 BS 
xX, y, Z+3; 
1 . 
X, Y, 2—Z; 
5 1 Lk: 7. 
Y, 2; 3X, yt, py eh 
1 1 1s 
SX, e—Y, 28; 
a ° a 1 po 
8, 25) Xj -S— yr 28; 
1 aie el 
X+2, yt+s, 24. 
Ahk 
2 2'* 
ata, 
2 2° 
\ 
ise A x 
4 2) \ 
Seek 
4 2° 
. 1 1. 
0; ut+z, 0, 23 
1. 1 
ZF u+z2, 2) 0. 
3% pe? |e 
4) 0, ut+3, 4) 
1 1 3 
4) 0, 2—U, @- 
1 . ea 
u--5, Vv; re u+z, Zee Ny 
1 icy oleae bie 1 
A Wy Cte =U, Ving 
es 1 ‘ ae 7 he, 
Xx, Y, 2—4; xX, y, Z+3; 
1 = it 1 er 
xo; Y) Z+3; vet Y, —4Z; 
yi Tae ees, 
ks ae y+, 74; 
1 1 1. 
Of ey le aly 243; 
4-7, 


€6 TEE CRTECREOMBIC SPACE-GROUPS Vi-Vn- 


Space-Grovur V}. 


Two equivalent positions: 


(a) 000; $40. () 044; 408. 
(b) 300; 030. (dq) 334; 003. 
Four equivalent positions: 

(e) $20; 42.02 220 ae, 

() 424; 48h bb Pad 

(g) u00; i100; utd, 2,0; 3—u, 2, 0. 

(h) ud}; 034; ut, 0, 9; g—u, 0, §. 

(i) Oud; 000; 2) u+3, 0; 2) $—u, 0. 

(j) ud; $03; 0, utd, 4; 0, $—u, 3. 

(k) OOu; OO0; $4u; $394. 

(1) OFu; OF0; 30u; 904. 

Eight equivalent positions: 

(mp 24u; 240; £20) -72u; 
dia; dtu; bduj; 240 

(n) Ouv; Ouv; 3, utz, V; z, u+2, V; 
Ou; Otv; 2; $—u, V; 2; 4—U; Vv. 

(0) uOv; aOv; ut+3, 3; Vv; 5M, 2; V; 
u0V; tOv; Ua, a Vv; iu, z; V. 

(p) uiv0;) O97 07) u+-4, v+d) 0; —0, ov 8: 
uv0; tivO; u+}3, 3—v, 0; 4—u, v+#, 0. 

(qy)uvz; 093; utd, v+2, 3; 3—-U, 2—V, 3; 
uv¥3; Ova; ut, 2—-V, 3; —-U, VT2, 2. 


Sixteen equivalent positions 
(P)eXVZ; | SYA5 xX Van CAVE, 
Kz; XyzZ; XyZ; XyZ 
Kae y+3, Z; > ee ay; Z; ax; Yas; Z; 4-5, iy, Z; 
Z—%,9—-Y, 2; 3—X, y+%, 2; X+3, 3-y, 25 244%, y+3, @. 
Spa :E-Group Vi. 


Four equivalent positions: 


. het ast 3 
(a) 000; 005; 7 a0; EE 
1 et reso py 
(yaa OiO5edi0 ie Ole 0; Oe ae 
ci ci ee ek, eal 
(c) 002; 00%; 334; 23%. 
Th, Ths qh Bic ‘ 
(dd) O34, 0S Sa 02-5 SOs 
(e) Delis, ess ese eS ae oo 
AAA 244) 24a) 4 4 ae 
(f) LS ee col tener el ele cere 
Ac L) AA Ay a aoa, a aes 
Eight equivalent positions: 
: the ah 4 
(g) u00; u03z; u+3z, 7s) 0; id, 3) 3} 
“ ea rere 1) 1 = 
0100; 003; g—U, 3, 0; 3—u, my a 
. Led 1 : 
(h) 0u0; Ous; 2, UT?, 0; Z) ef we 
— 1. 91. oe TAT! 2 
000; 0U5; 2, g—4, 0; + z—U, q 


THE ORTHORHOMBIC SPACE-GROUPS v20—v2!, 


Space-Group V*¥) (continued). 


G@) 00u; $4u; 0, 0, u+s; 2) 3, U+3; 
001%; 3 3 ti; 0, 0, $i; 9 OE $= u. 

(Qj) OFu; 20u; 0, 4, u+h; 4, 0, u+3; 

5 Ott $28 Ow 4 one 

( ) Soy a) . 4 a 4) 4) u+4; 
4a, Sars ay a, 3—U; zy Z u-+3. 

Q) uvé; uvi; u+3, v+4, 3; utd, d—-v, 3; 
uz; dv?; 3-u,s—-v, t; $—u, v+i, 2. 

Sixteen equivalent positions: 

(m) xyz; XYZ; XyZ; Vz; 

x, J, haa X, y, Z+3; x, Y, z+3; x, bide ee 


Sere, era, 2; 


Spacre-Grovur V7. 


L gd ze 
x+32, 2—Y, 2; 


4; Bx, ¥+4, a3; 


Four equivalent positions: 


nt ak Ps 

is ak yt+2, 2; 
oe a ps 
me So ami) 


x+3, a—Y, a+; 


1 p ee 
Scie, VPs, 2 


(a) 000; 400; 440; 040. 
(b) 003; 303; 333; 033. 
CyPE00; 200 3703) 24 0: 
(444; Phi; 204; 202 
(e) 020; 020; 440; 440. 
(f) 42; 243; O23; 023. 
(@) tu; 220; $20; ffu. 
Eight equivalent positions: 
(h) u00; ti 3 0; +, a 0; u+3, 0, 0; 
7100; u#0; u+3, 3,0; ¢—u, 0, 0. 
ete eg: eu, 0,4) U9, 3, 9; ( 
WS 5; u0 5; u+%, 0, - 7—U, a 4. ~ 
(j) Ou0; U0; 3, 3-u, 0; 0, utes, 0; 
(a0. bare: 400-3550; Ore ul0: : 
(k) ug; O04; 0, 3—-u, 3; 3, utd, 33 
404%; Oug; 0, ut+3, 3; 3 3-4, 2. 
(1) OOu; 700; O00; Z2U; 
O00; 40u; OFu; $57. 
(m)tuy; Fuv; 2, utd, v; 4, utz, ¥; 
ge Sh ee Ae eal ee i, pe ae 
@) uty; u2¥;, u-+3,'2, v;) Ud, a, ¥; 
wiv; tiv; earl, et v; ,—U; Z) Vv. 
Sixteen equivalent positions: 
(0) xyz; xz; yz; XYZ; 
aX, y; Z; CES y, 4; x47, y,; Z; x+3, Wi Z; 


x+7; va Z 


= 1 a 
X,3—Y: 4; 


? 


eH ag 
X+3, #—-Y; Z; 
s 1 ° 
x, y+3, Z; 


2 I yp Sic 
Vimo) yts; Z; 
1 5 

X,2—Y, 4; 


. 


1 1 
g—X,2—Y, 


1 = 
x, YT, Z. 
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Z; 
Z; 


Z. 


THE ORTHORHOMBIC SPACE-GROUPS ve—ve. 


68 


Space-Group V”?. 


Four equivalent positions: 


nin © 


Eight equivalent positions: 


on 


aie ais nit rij 
© ain Olt it IN > 
at Hit OS ria + | 


~ ns 


© ain Aix oF) 


Ot rit CO mia 


Ce 


Colt co[t colt os 
© xan ot 4 
aN Ot © Aw 


oa SS Slew 


alt it ait 


SO ANd ot OO CO DF 
AM Ot OS xa 5 


“— Lars, 


>) a2) 


5 


niles rile nie Hic = id nile din 
AIN RIN IS Ain Rin a ob 
SiDdindindindia D 


on ea it colt 
So o S oS nia Ss 


aL | AIS colt 


. HIA ria dia s ica 
oy | en en 


SH oo : 7 
AIN 


> xin nia ric ria rie min 


on 


colt cole cole coe, 


nen ey Seen Roe 


SIN RN Hie AN ain 


OOds s as 
~ nie = oF Af rile nin is 3 
~ | colt ist 
a Dra SOO CO ato 


Non 


Fel lee te 
SO CO ae ow 
SO SO ale ols 
oa 


ai 


— 


LOO OFfe 
iS 
roo 


— 
a 
4 


(e) 
(g) 


Sixteen equivalent positions: 


N N 
ya Ps 
aia a | 
IN nN 
ies alah gl 
I~ Min 
ein tl iss 
+ s+ 
S fa AS 
eile HI 
a eee 
ad Nou eh ae 
MIN pd I 
NNN 
eal 
nin ae nin 
aa 
See 
Se is ele 
Amn MIM 
a 
REY 


Four equivalent positions: 


Spacre-Grovup V2. 


mI rN 
AIA RIN 


S rin 


Eight eee east 


rica ica rics rica 3 iS 
dia dig SID dia ri 
BID ain din ie rice 


Coo a a oa! 


OS oS Seni 


a+ } 


. iis rie ris s 3 ne 


nit dist rls Hist o lea nist colt ~+ | 
COM ri CO alt colt colt cole dit ie s 3 ae oO oO 
DS AN colt Aiet colt alt cole lt + | Day hes 

DS din din in Fin rin 


SNES Gs, 1 ACON AGONA eS 
colet cast cals cole! CO AI colt iit Se, ee pee ns 
rit cot COI it it it CO I en ied Bin min 
DS ries cals rst colt eiint cols eit -~+ | 

oOOxua 3  riles 


Tee) 


3 xin nia ria 


en ON 


colt colt colt calet SO xin colt ait Hin s 
cost ist ln colt colst colt rie | 
OANA OM Ht OM Hit ot Sia OOO SD 


nit ist ait ai io ais aw colt oOo Oo oS SS 3 = 
At ot CO qt dt dit dit ot CO CO 5 1S Oo © 
CAN KN Ot dH Otto 31S OOO © 
“=~ — “—™ pa — a es 
Oe Ae hs Pes YS) 
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Space-Group V} (continued). 


Sixteen equivalent positions: ’ 


G) 24u; 44u; 4, Luts; £, 8 044; 
-- U; 220; 7, t, g--U; : i, ;- ) 
270; 21 Pith tae 
720; 27 0; 7 i ¢ U5 +; i : : 
(kh) uty Pui 2 Oth ay bei: 
cS Te Ge ike Cae Santen Sale AE elle & 
20d, 2ut, Feet furs, 3} 
72; 404; 3 ‘=U; i; a5 SU, 2: 
ome ia piste t, 2; ous, 4; 3; 
U2 3; Uz3: -—U, i, ie aU; fe 23 
ase We tela. ty a a; 2, 2; 
Oe ee AB iets SU 27 
(m) Ouv; 0, u a v+3; ‘; Us; Vv; 2; u, vt+3; 
Ou; 0, 4-0, av; 3) aU V; op U, $V; 
Ouv; 0, ut+3, ov. 3; u+3, V; +; u, 4=V; 
Oav; 0, $= U, Sieg: ai 5 u, Vv; ie u, v+3 
(n) u0v; u+3, 0, v+3; ut, 2, V; U, 3, V3; 
u0V; u-+3, 0, 3—V; u+s, 3, Vv; wu, ¥; y Seen 
u0dv; i ) 0, ae ? +, v; 4, a $e Vc 
aOv; g—u, 0, v+3; 3-u,.9, Vv; U3, V+. 
(0) uv0; u+3, v+3, 0; ut, v, 2; U, V3, 3; 
uv 0; lit; oY, Je u+3, v; LA U, see 33 
tv 0; +— ’ v+3, 0; 2u, Vv; 33 u, V+3; 35 
av 0; 7—U, aoe 0; ail, Vv, 33 U, pete 3. 


Thirty-two equivalent positions: 


(p) xyz; -xyZ;) KyZ; RY; 

XYZ; yz; YZ; xy; \ 

x+3, yt+3, Z; x+3, 4—y, Z; +—%,; y+; Z; 4-5) P=) Z; 

+>, $—Y; Z; pos ya) Z; 4-5, 4-Y, Z; X44, Waren = 

| x4, y a+3; cx+4, y, ¥~-2Z; beans y) edt 5; y; 2+33 
| } j $—x, y, $2; =; Y> Z+3; x+3, y, Z+4; xr; ys s-73 
x, yt+3, a4; Xx, +; 2-2; X, yt+3, $23, X, 3eyy Z+33 

x, ene $—-2; x, y 3, 243; x, ¥-y; a+} xyes 2: 


Space-Grovur V%. 


Eight equivalent positions: 


eo Nee 
we 


tty 


. 
Plo NIH AIH CO 


— 
(oy 
wa 
loo bole BIH 
BH © I 
| 
we we w 
IH CS ipleo bole 
loo ROH Aloo bole 
Bl © loo tole 
hi © pK © 
lco NOH iRIco bole 
wee we 
loo NIE Ico bole 
loo bole loo bole 


725 
ye, 


24 
h 
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Space-Grovr V‘*} (continued). 
Sixteen ae i er 


70 


enn “AN en 


colt Ot it wit cole cals et ie cole SS cl 3 


+) +] 


dist dist cl ole colt s ols s 3 - 7 


3 
ct cs S 3 el - ab old Ot ARN A 
“paticrs| 


ne eee ees 
SS lt col IN ae colt colt at iit cole colt 


NN em en 


aie ist cole cok rie nie ol ole ni saw 3 


~t 1+) 


on en on eR en HA AIM ON Oe AIS Sais =} 
are rico loo rico aloo anioo Ico wilco | a | aw 5 i 
E[c0 19/00 r9|o0 er|ao esj00 rulco eslao joo RH > a Ss San oO rie FIR IS cals cols 


FJo0 1n|oo mfeo mfo0 €2\20 r[s0 roo enieo f- | + | 
Ss iy SD ae AIS AIS CoS Oo AIS AS ow ot 


1100 leo 15|00 ra\co caloo 1HI60 Hyje0 wilco a re Se aietreien 
raje0 o2|00 rn|ad rJoo 1/00 MJoo ijco eajoo HI Rice oS © rin in o oS as DS nin 

420 £200 raja0 exjs0 calao Yoo anjao foo oe 
So Ss nie Hie ria s dia a Saxe SH 


Ce ee a? ~ ~+ | + 


0 eoloo Boo es|co erjcd rloo enjoo a nia La ria s 
[60 rilso wojpo mJoo cole rnjao rijso nico f- | + | of ie 
Flood er|00 c9]00 anjoo aslo foo loo Rijoo SS RIN SS nin OO dR HR O O Hears 


d 


Thirty-two equivalent paitions 


2 


n x n 


s dbs s ne dia nia OO 


Hid oo Ko wi wo KO aeroO OrnanaO Orinda Sis oo 
raid 2/90 nd Jo wmjo moro Ro OO OC rindin Os 5S 1S © OC aAinein 
milo rjc njo wlo HO HO rio ojo DIS Dis O © Aindin © © ainria 
-_— — E~ 


co 


oS 2 noo 


(c) 


= 
lt 9) 
7 


, 
d 


. 

2 
? 
> 


i 


. 
? 


“Lh 


=X) y, Z 


1 


ae z+43 


1 


2 


1 
x, 


g—X, 3—Y; 2 
2 


x+4, i—y, 2+; 


1 


X+4, Yh te 
x+h, yth, ins 
bo y¥+i, ig 
x+t, y+i, j= 


? 
? 
? 


1 1 La 
X44; 2—¥s 2a 
3 1 Re 
Da a P gees 2+-4; 


x4, ny, 2+i 


i 
2) 


’ 5-2 


? 
ak 
? 


1 1 
a4, Yro 4 


=x, Yea: 
a9 -E 


ex, y+ 
x 


3 3 ie 
4—%, Aba wr * ord; 


. 
’ 


. 

? 
. 
? 


XyzZ 
=) Zz 


1 . 
Y, 3—Z; 


BE 
22 


+—x, y+i, Z+i 
t=—X,) YE, S474 


XYZ; 
2) 


X+3,Y, 243; X+3 


i 
2 


. 
? 


De 


. 
? 


Ke yt a2 
3 3 1 
Baty Ea 4 
vse ras: i—7; 
nf 1. af 1 
Xx, y+, Z+33 Xie gaZ 
3 3 . 
as 4-9) 44; 
Two equivalent positions 
Four equivalent positions: 


Spacsu-Grovup V”°. 


HAS HnO 3 3 
| | 


AIA je 
pera 


in - AIA RIA rile oO 


oy, eA A 
AIN AIA AIA AIA RIN ree 


a a 


ris So Aa © win ric 


att 


Hie rin ria rin 


see 


oS nila o nis =} a 
oo 18 wD SO an 
[as [ap tao) Cen Gn) (oe) 
SnaOnas os 
oo xp Ss Onn 
eS Sere) 
cm 
fo.Ga Ba coe ces 
NY Ne NY OY WS WY 
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€pace-Group VP (continued). 
Eight equivalent positions: 


(44h 22% 22h th 
SoSeG 8 Tele Lathe a 8 
444) 444) 444) 44 4: 
() Ouv; Ouv; 3, ut%, v+3; 4, utd, 3—-V; 
Oud; Oiv; *, $=, SVs By ea v+i. 
(m) u0v; udv; ut+3, 3; V-FE: u+}; 3; $7; 
aOV; UOv; $—u, 3, }-v;~4—u, 4, v-+. 
(n)uv0; uv0; uferv+s, 3; utd, 3—v, 4; 
uv 0; uv; $=u, 3—V, :: eu, V3, 2: 


Siazteen equivalent positions: 
(0) xyz; -xyZ;) RyZ; RY; 
XYZ; XYZ; XVZ; XYZ; 
rear tee as OX ay FY, $2; 8X) Vd 9-2} 
. : : s 4 A 4 ie! 4—Y, +3; 
Die Sar fete 9 6 ey V+, Ze: X+3, am Uh Z-+3; 
x4, y+, 3%. 


Space-Group V*. 
Four equivalent positions: 


(a) 000; 003; 333; 370. 

(b) 300; 303; 033; 030. 

() 003; 003; $42; 342. 

(4) 043; 043; 30%; $04. 

Eight equivalent positions: 

Ceri; 2707 220; 270, 
ea, 22> 224; 244. 

(f) u00; u03; ut%, 2,0; ut, 2, 3; | 
000; 103; =, 3; 0; z—U, 3; 3. ‘ 

(g) Oud; Ougs; ve ut+3, 0; 3; u 5 OH \ 
000; 003; 3, eu, 0; a +—U, 5. 

(h) OOu; $3U; 3, 3, Ut3; 0, 0, u+3; 
00a; 570; a: Ue 3—U; 0, 0, 7—-U. 

G) OFu; 70u; 3%, 0, u+3; 0, 3, ut+3; 
031%; 3010; UE 0, 3—U; 0, Le 5—u. 

(j) uva; ud z; u+3, Vie Ne) 23 u+3, v+, eS 
Hvis 0e20 cru, Vts, 2; 3—u, 2-y, 7 


Sixteen equivalent positions: 
(k) xyz; xi; xyz; Xz; 
X, y, 3-2; X,Y; Z+3; x, y, Z+3; x,y; 522; 
Ea: Vas a+3; x+4, -Y; 4-3; Ets yt+3, a3 
ax, heen a+4; 
3—X, az: Z; +X, y+, Z; x 23; Z; er yd) Z. 


(2 


THE ORTHORHOMBIC 


Space-Grovup Vi. 
Eight equivalent positions: 


SPACE-GROUPS v2/—v%. 


(a) 000; 004; 300; 030; 
444; 440; 094; 303. 
(bo) $32; 234 cts Te aa 
EXTER Aen’ ae 
(c) u04;. usd; utd, 0, 5) ur4,4,4; 
10 4;- hq 2; r=, 0, a 3-1"; 2) Le 
(d) 400; 204; 4, uth 03) tu td: 
20.0; 1,04; a $=, 0; oe +—U, VE 
(e) OF U; 4; 0,4, utd; 4,4, Uta; 
0210; e720; 0, z, $~—U} UD ?, 7 
Sixteen equivalent positions: 
(f) XYZ, X, ¥; ae eat, y; Z; X, 4—Y, Z; 
a9Z;, 2; ¥, 244; “XP3, 3, 2, ey Pe 2; 
» eb y+3, Z+33 xF, FRE, Z; X, y+4, 3-2; 
3—x, ¥, 28 
+—x, hy as 4-2; 7% ys Z, X, a—y, Z+2; 
xa; ¥; 374 
Space-Group V?. 
Four equivalent positions: 
(a) 00%; 40%; 048; 344. 
(b) 30%; 00%; 334; 02%. 
(ce) 440502493 2307077 4; 
CU AUNT rae Hoom  alie  ar ec 
()0 dai; 0) 2) 4058 Sad, tae a2, 
Eight equivalent positions: 
Q)irw0 45-9 wah e493 Oe aaa: 
104; Dart; 4—U, 0, -- 3—U, 4, € 
(gg 0; ey 45 Biot — ue ees 
$0; 209; 573 us 0 tea: 
(h) Ouv; 0, U, 5—V; 5, a, ved; 3, u+3, v+4; 
Zu; 0, 4—U, Vv; 7; 3—U, V; 0, ut+3, 3—V. 
G) ag vy Suge v;. Use 2; vee as ee 
wiv; u, re 5—V; 4—Uu, - v; 3—Uu, 4) v+3. 
Sixteen equivalent positions: 
VEE SR Oe ain eed Raa 9X9, eh ae 


3—X, 5—Y, 2; 
1 1 Gj jy oe 
X+3, yt, Cape x-ha; z-Y, Z, X, yi4; a; 


XYZ; 


ae Nu oe 1 he 
X,Y,2—2Z;, 3 RVers ares 


1 . 
xy Yr nF 


1 ze 
x5) Y; 2; 


Ef = BES 
hee SA hn Z+3; 


x+4, y; o+35;3 X, y+, 3=2 
The unique cases can be simplified by transferring the origin to the point 


(=) of this first set of axes. 


THE TETRAGONAL SPACE-GROUPS s}-v}. ie 


TETRAGONAL SYSTEM? 
A. TETARTOHEDRY OF THE SECOND SORT. 
Space-Grovr Si}. 


One equivalent position: 


(a) 000. (b) 003. (c) 330. (d) 322. 
Two equivalent positions: 
(e) 0OOu; O04. (g) OF u; 40%. 


Q4hu; 40. 
Four equivalent positions: 
(h) xyz; Yxz; xyz; yxzZ. 
Spacre-Grovr 82. 
Two equivalent positions: 


(epoug, 443. 6+) (c) 033; 40%. 

(b) 003; 236. (dq) 30%; 03%. 
Four equivalent positions: 

(e) 00u; 00%; OF oe ut+3; 3, oy $—u. 

(f) 03; 307; Le 0, u+4; 0, + a1" 


Eight equivalent positions: 
(Elerye eevee, XVe; | yx; 
x+s, y+3, 2+3; $—y, xt+4, 3-2; $—x, $y, 244; 


B. HEMIHEDRY OF THE SECOND SORT. 


Space-Grovup V3. ” 
One equivalent position: 


(a) 000. (b) 333- (c) 003. (d) 33 0.\ 
Two equivalent positions: 

(e) $00; 040. (g) OOu; O04. 

(f) 033; 303. (h) $3u; 730. 


Four equivalent positions: 


(ij) u00; G00; Oud; OGO. 
G) usd; O44; $ud; Fad. 
(k) u0%; 0204; Oud; ODF. 
(]) u%¥0; &@40; $u0; 370. 
(m)O0fu; 040; $0u; 500. 
Guay; uv; tuv;” itv. 


1 Of the tetragonal space-groups those marked with an asterisk will be found to have co- 
ordinates differing from the definitions previously given. These differences, which arise from 
changes of origin, have been introduced to bring about agreement with the descriptions of 


Niggli (op. cit.). 


74 


Space-Grovup V4 (continued). 
Eight equivalent positions: 


THE TETRAGONAL SPACE-GROUPS Vq-Va- 


(0) xyz; xyZ; XyZ; xyz; 
VxZ; Yuz; yZ; YRz. 
Space-Group V4. 
Two equivalent positions: 
(a) 000;. 004. (d) 030; 404. 
(b) 00; 04}. (c) 004; 008. 
(ec) 232; 220. (f) 234; 22% 
Four equivalent positions: 
(g) u00; 100; 004; Ouz. 
(h) ud4; 192; $00; $00. 
Gj) uz0; 030; 303; Zuz. 
(Gj) u0F; 209; 0010;-~0u0. 
(k) 0Ou; OO; O, 0, u+4; 0, 0, $—u. 
Q) 33u; 320; 2,3, ut3; 3, 2, 9—-U. 
(m)0}u; 040; 4,0, u+3; 4,0, $-u 
Eight equivalent positions: 
(n) xyz; XZ; yz; XYZ; 
y, X, +3; ¥,X, 3-2; Y, %, 9-2; Y, % 242 
Space-Group V3. 
Two equivalent positions: 
(a) 000; 4230. (c) OFu; $00 
(b) 003; 332. 
Four equivalent positions: 
(d) 0O0u; 000; $4u; 44%. 
(e) u, 3—u, v; 4—u, a, 0; wt, ut+4, v; u+4, u, ¥. 
Eight equivalent positions: 
(f) xyz; xz; RYZ; yxz; 
a—X, y+3, 2; 4—y, $—x, 2; x+4, 4-y, 2; y+, x+4,u 
Space-Grovup Vj. 
Two equivalent positions: : 
(a) 000; 333. (b) 003; 330. 
Four equivalent positions: 
(c) OOu; O08; 3,4, 3-u; 4, 4, ut} 
(d) OFu; 300; 3, 0,3—-u; 0, 3, ut} 
Fight equivalent positions: . 
(COR See hs XZ; RYz; yxz; 
a—X, Yts, 2-2; 3-Y, $—-X, 2+4; x+4, 4-y, 4=2; 


— -yt+3, x+3, 244. 


SAK 


THE TETRAGONAL SPACE-GROUPS v5-v%. 


Space-Grovr V°. 


Two equivalent positions: 


(a) 000; 340. (c) O24 
£ : 1 1 
(b) 400; Os 0; (d) 33% 
Four equivalent positions: 
(ce) OOu; OO; 440; F4u. 
(f) OFu; O20; $00; 40u. 
Eps 5 gE aes ae a 
(g) $4; 44U; eae fare 
Eight equivalent positions: 
(h) u00; 0u0; 4, u+4, 0; 
7 . = 1 . 
“O0;.000: $$, 4—uyd; 
- eR Aa ‘ . 
(i) Us; 5 Uz; 0, u+3, 3} 
Cate 98 gee nae WE e 
Usa, FU; oe +—u, 4; 
(j) uuv; tuv; 4—u, uti, 7; 
eg <a e it: 1 . 
utiv¥; tiv; $—u, #—U, V; 
(ey 0,us 4, Vs u.u-fs, ¥; u-F 
a ce = . 
UE tle Vig. will 4—u, V5 3 
Sixteen equivalent positions: 
() xyz; -xyZ;) KyZ; RY z; 
YXZ; YXZ; XZ ; VXZ; 
1 1 2 hf ele A 
xX-+-3, V-EF; Z; Sere; Chom My 2465 
Bf 1 ° ES Se 
Voi, x-F3; Lip CN x+32, Z; 
Space-Grovp V5. 
Four equivalent positions: 
® Bhs a p Me Ee 
(a) 000; 003; 230; 32%. 
. 5 gre e 1 1 
(b) $00; 053; 030; 2 0.4. 
6 3. Be be Wea po EES} 
(c) O02; O07; 337; 477 
2 ie i 3. pI Bs Bs 
(a) 04 +; 047; 402;. 304. 
Eight equivalent positions: 
. ° e 1 
(e) u00; Ou; u+3, %, 0; 2) 
7 ° = e 1 Fy 1 
a 00; Os; 3—U, 2> 0; 2) 
e ° 1 L. 
(f) uz4; 30; u- 35 0, 2) 0, 
2 - Sel 8! os 
a3 4; 300; 23 —U, 0, 2) 0, 
= e 1 1 
(g) 00u; 3 3 U; a5 3, UTZ; 0, 
as “ae emt ‘ 
004%; 70; Z; 2, z—U,; 0, 
. ° pS 
(h) 0fu; 3 0Uu; 4; 0, a3; 0, 
ae = 1 : 
0314; 5 0%; 5; 0, g—U,; 0, 
. a i pS S.gek ° 1 
(i) 270; re ae ig, OG Nome lBs 7a 
r hits Zia ov shea a} 
22 U; 70; 4) 4, 7—U; 7@) 


ee 


ee 


Sve Ss we 


. 


~ 


Blo BIH NIK ie OO © vile 


~ 


S wie 
Sr 
RIK Nie 


~ 


SO CO 8k dle 


~ 


. we * “i oy ee 


“ee 


1+ | 


IQ Sle SC eH © CO lH ole 


NRE OS © 


“e 


we 


THE TETRAGONAL SPACE-GROUPS V¢-Va- 


Spacu-Group V§ (continued). 


Sixteen equivalent positions: 


(j) xyz; XYZ; 


y, X, 2+3; y; X, 2 
. be I 
x+4, y+3, Z; age ors 


y+h, x4, +4; 


Space-Grovup Vi* 


Four equivalent positions: 


(a2) 000; 400; 330 
(byes) Orie 0 Oe 
(Catt Oe ye tO 
(eatin res 


Eight equivalent positions: 


(ec) OOu; OO; 30 
d4u; $40; 04 
(Doss uses Oy 24 
dl gere eae 
(g) 4u0; uz 0; 
2 : 0; u+3, 

(h) £u3; ug 
aU, i Le Us 
Sixteen equivalent positions: 
Gj) xyz; yxz; 
as y) Z; a73 


1 ab 6 tT) 2 
oie) y+3; Z; yt; ‘Se 
= Litee Ps he iy eg al 
xX, yes; Z; eae ae 
Space-Group Vé* 


Four equivalent positions: 


(a) 000; 303; 430 
(b) 333; 050; 003 
poe Ie Is 13 8. 331 
(c) Pay ay a a re 
Peso 333. 
(2243 942. at 
Exght equivalent positions: 
(e) 0OOu; 00%; 3, 0, 
lent lf ° ph ele 1 
22U,; 337 U; 0, oy 
() eds ug 
1 . 
g—Uu, a ee u+3 
1 3. 
(g) a4Uq; uz 
al 3 1. 
Bia Us aed u+ 
(h) ¢7u; ae 
ble i hae a Hoes 
4) 4) 3 —U, 4) 4 


Big ~ yh, Z; 


. 


Nee Ne 


. 


we 
lo Alo NIK © 


aH AH CO NIK 
ye O ik © 


ee 


iS Spe 


mle Blo CO NIK 
“ee 


AIH AE I 
cae ei 


ci 
SS 
alco [Co 
fst} © 


AIH 
j=) 
Se 


1 <> Fe 
x+3, Y, 2; 


NI 


e 


Nee 
e 


Wie lo wie CO 
AY Bl dle 
loo Ico CG ble 


lo ~ 


we 


Ble leo CS eles 
ales 


ci ee ct 


(| 


. 
~~ 


St et pe 
thleo loo loo loo 
(hice Aloo AIH 

rs 


XYZ; 

¥, X, 243; 

4%, 4—Y, Z; 

4—-X, 3-2; 
4—-Y; z— x, Z+-4. 

pe LP 

23 

—u, }. 


YXxZ; 
Y+3, X, 4; 
Toe x+3, Z; 
y, X+%, %. 


bo| 

| 
F 
rere) 


tole 
| 

— 

ca 
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Space-Group V§ (continued). 
Sixteen equivalent positions: 
(i) xyz; yz; . yxz; 
a eae ee ae he = 7 Fi 
De ey sae Lou a ae eo y; 2773} Mira; X, Z+3; 
1 1 : in 7 
x+3, y+, Z; vs, a=%, Z ) a—y, Z; ZY; Sit Z; 
v b ee | . 737 tL . 
x, ¥-3; Zod Ysa oy a+3; x 9~y, 4-32; y, X79; a+}. 
Space-Grove V3. 
Four equivalent positions 


N 

= 

nie 
rot 
emer: 
Nin ~ 


(a) 000; $30; 304; 04}. 

(b) 300; 030; 003; 443. 

Oran 2) 2 aap tities oe £2. 

ee treet tae ee ET ~32 

Eight equivalent positions: 

(ec) OOu; $4u; 4, 0, ut; 0, 9, ut+3; 
001%; 3 30; 2; 0, 7—U; 0, Dp —u. 

(f) Pru; +20; re ie +—U5 Ye 4 u+3; 
au; 20: a 2. 4—-U; 2; i, u+3. 

Sixteen equivalent positions: 

O04 4s; uss, ¥,°0;-u-t-3, 0,4; 
u00; ass; eal a; 0; A, 0, 33 

» ) Oud; 41s; 2,.u+4,.0; 0, ut+9; 4; 
000; 303; UF +—u, 0; 0, 4 -u, z 

(h) rae $ Be wep a $—u, i u+3, - a 
CE SRG 2 ay EA ae HO Ne oe se 
eS phe Ale Hee Gene ee ve eg fare 
Oy Fr a ae le bel ek OE cullen Far 
wiv; u-} 4—u, ¥; ut+%, &3—v; u, ¥—-u, 9—-V; 
auyv; si u+3, V3 — , U, 4—V; U, u+3, aCV; 
uuv; 4—U, 3 Wo Mie sper U, v+3; U, ¥—u, ve. 


Thirty-two equivalent positions: 
z (j) xyz; xVZ; XyZ; Ya; 
| YX2Z; -YXZ; XZ; WZ; 


: 1 rea tise el oem ; 

aor hovers Z; <3, Diao NS, ati Pies yt, Z; g—X,2—Y, 4; 

3 t =. LEG meee Ore Sete bu : 

yt+3, ee aE Z; LAG x+3, Z; yt, 3—X,4Z, g—Y, 3—X, J; 

J — 41 Hr! 18s Oe 1 

> wee y, 2+3; xs; Mei GE NA iD NG Z+3; 

Bk e Del ate p hye dd 1. 

ys, X, a+; 3—-Y; X, 7—Z; yt, X,g—Z, 7—Y, X, Z+3; 

1 ie rls i_g: xX +4 say 7C re 4-y z+; 

xX, y+#; £4t-3; X, z—Y, 2—Z, » YTD) 2 ? 72 ? 2) 
goes 5 ee C AG nr phen piel soe tae 

y; = +4; Mis, X+2, ea Ay vie ole Ni) eS) Daca. 


Spacn-Grovup V}. 
Eight equivalent positions: 

(a) 000; 003; 3 

303; 200; 0 


bolt bole 
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THE TETRAGONAL SPACE-GROUPS V4—-V4- 


Space-Group Vy (continued). 


(b) 
(c) 
(d) 


ies ge 2 
004; 004; 22 
1 3. 1 1. 1 
a°0%; 504; 03 
ILi(\s) des (Vere eee 
72; a 44 
LOW, Vie ese ie hae: 
442) 44 2) 44 
ue ks a Br Re eo i te b 
444) 44 4) 44 
Le) Bee ee 
444) 444) 44 


~ 


~ 


we wv 


lH Blo NIH © Blo BIH 
~ oe we we 
loo wloo wleo FIO CO whe 


ee 


. 


loo co Joo PIS pole tole 
xa 


Blo BIH wl CO wie loo 
; Sd 


Siateen equivalent positions: 


(e) u00; Oud; O Ute, 0; uae OU; 
100; 003; °0, su 0; Fe una 20; 
usd; uO, Ue ee, Oe; 
194; 400; -4) 4-1 7 FG. Od: 

(f) 00; 04; 20) 4, use? OF rus; 
000; Oa; 0, z) $—u; 0, 0, 4—U; 
bau 4 Ot oa 0 Rug pd, 2 ees 
$40; 4% Ont; 2) 0, $—U; 3, ;, $—u. 

(Paha uy 3 Siete tater tae ters 
ealeeea eee Pet ye rr: bay 
eu 45 2.04, U9. Seeice ag 
oo Oy) ca Dil tens ape ee 

(h) dat 279 (2 6 oe 5 Ue eee 
Pgs ars ees eg Oe ea ee 
a Ua; plltera ce Uo ey aes ea ee 
Me MEW pray Ge oh fel Me aE oc Sir te ve 

Thirty-two equivalent positions: 

(i) xyz; XYZ; XyZ; 

y, X; a+; ¥; X, es y; X, i- 


x 2 0 1 
K-F a; yt+3, Z; x+3, 2; Z; 


1 1 5 1 
yt, X+3, a ‘2a xs i= 


1 = 
g—X, yt, Z 
. h i 1 2 . 
Z; yt, Bare ee 


1 te Ae er ee cre wl > oxy 
X+3, y; a+3;3 x+3, Joes els Vays 
al . ble Zz 1 += 
yt, X, Z; FEA fee ay ytz, ) 
ab 1. = 1 . S 1 

x, yt3; Z+3; Ay Fane Bo 25 SY alae 


AM x5, Z; 
Space-Grovur V‘4.* 

Two equivalent positions: 
(a).000; 332. 

Four equivalent positions: 


Vs Zagat; y; 


(c) 300; 033; 030; 303. 
(d)003 25000895 2104303 02 
(ec) OOu; 000; 4, 9, ut9; 4, 3, $—u. 
Hight equivalent positions: 
(f) u00; Ou0; u+9, 3, 4; 4, ut+4, 4; 
u00; 000; 2—U, 3; 33 2; aor z. 


“ee 


¥, 377% a+4; 
i y; 2+4; 
t—7%, X, Z; 
X, 2—Y, 244; 
y. a Z 


THE TETRAGONAL SPACE-GROUPS V1l-c?, 79 


Space-Grovup V4 (continued). 


(ge u0d 50 u 3; utd 4-0; 3, u+4, 0; 
003; Os; au, 3, 0; 3) 4~u, 0. 
(h) ZU; 30; 0, 3, u ca" 3) 0, u as 
071%; 70 U; 0, 45 7—-U; a 0, tones 
(i) uuyv; uuv; u+3, u+3; V5; u+3, 3—U, 4—V; 
div; fuv; g—u, 3—u, v+4; 4—u, u+}, }-v. 
Sixteen equivalent positions: 
eX ais \ASRSs/ eae sya; 
YXZ} VXz 5 VxzZ; VXZ; 


Ka, Yt; 2t4; x9, $-y,4—2; §—x, y+}, 4-2; 
te tac fa a 
y+, ae, 2-3; 4—Y, x--%, 4-2; y+; $—x, 5-3; 
4—y; 3—X, Z+3. 
Spacse-Grovur V'2*. 


Four equivalent positions: 


(a) 000; 30%; $33; 032. 
(bt) 003; 30%; 330; 037%. 
Hight equivalent positions 
(c) 00u; 004%; a0, ape em, Wier; 
3) 3) u+3; 2 3, $0; 0, zi 2—U; U0, a (Ge 
(d) fug; utes es is} 
-o u--3; = u-+4, a oe :; aU, = pyabh a5 2 


Sixteen equivalent positions: 
(e) xyz; yxz; XYZ; YXxz ; 
1 al s alle t et is 1 1 
3—X, Verda" efee yy Vi eo Xh3; Yo aa 45 vas X, tea mara 


2 
= = 35 : ; at 3 
X, y+3, a Vis cae yii9 ar X,3_Y;, oe x+3, Ble. 


C. TETARTOHEDRY. 


 Space-Grovp Cl. r 
One equivalent position: 
(a) 00u. (b) $9 u. 
Two equivalent positions: 
(c) OFu; FO0u. 
Four equivalent positions: 
(d) xyz; xz; X¥2; yxz. 
Space-Grovup Cj. 
Four equivalent positions: 
(a) xyz; ¥, x, FAY} X49; BAH eas, 3; a+4. 


ann ey oe 
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Space-Group Cj. 
Two equivalent positions: 
(a) 00u; 0, 0, u+4. (c) 02 
(b) 32; 2, 3, Ut? 
Four equivalent positions: 
(d) xyz; ¥, x, 2+3; kz; y, X, 2+ 
Space-Group Cj. 


Four equivalent positions: 


(a) xyz; ¥, x, 2+4; X, 9, 2+; y, % a2. 
Spacr-Group Cj. 
Two equivalent positions: 
(a) OOu; 4, 2, u+?. 
Four equivalent positions: 
(b) OFu; Z0u; 4, 0, ut+2; 0, 2, utz. 
Eight equivalent positions: 
(c) xyz; -¥xz; Ya; 


yXZ; 
x+h, y+, +4; 


3—Y, X43, 243; 3-X, 2—-Y, 247; 
y+3, 4—X, a+. 
Space-Grovur C§*. 
Four equivalent positions: 
(a) OOu; 0, 3, ut; 
Eight equivalent positions: 
(b) "xyz; ¥So—xard; 392; 99 —y,ep ad; 
xel-3; y+, Z+3; yt+3, X, vie er +X, i=; Z+3; 
¥, x42, 2+4. 


a 3. 1 uP 1 
2) 0, u-+z;3 2» 29 u+z2. 


D. PARAMORPHIC HEMIHEDRY. 
Space-Grovur C4. 
One equivalent position: 
(a) 000. (b) 004. 
Two equivalent positions: 
(e) 030; 400. 
(f) 032; 303. 
Four equivalent positions: 
(i) Ozu; 70u; 0 


(g) 00u; 00 
ata 
22 


20; 700 
(j) uv0; vu0; av0; vio 
(k) uv $3 OS Le serv § 
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81 
Space-Grovup C4, (continued). 
Eight equivalent positions: 
(l) xyz; xz; xyz; ~ yxz; 
SY25. YR2> xyZ> Far. 
Space-Grovr C2. 
Two equivalent positions: 
(a) 000; 002. (d) 044%; 400. 
(bp 940; ds: (e) 003; 003. 
(c) 040; 208. Q) ath 442 
Four equivalent positions: 
(g) OOu; OO; O, 0, u+3; 0, 0, 3—u. 
(h) 33uU 220; 2; 3; ws; 3; 3, ek 
(i) 03 u; 031%; 4 0, u+4; 4; 0, +. 
(Gj) uv0; iv¥0; tus; vu 
Hight equivalent positions: 
(k) xyz; J, x, a+3; XYZ; y, X, 2+3; 
XyZ; y, X, 3-2; xyZ; Y, x, 3-2 
Space-Grovur Ci. 
Two equivalent positions: 
(2) 040; 300. (b) 034; 404. () 00u; 440 
Four eee positions: 
(2) 240; 220; 420; 220. 
(Sc ee Ge gee ora ae eee 
(f) OFu; 40u; 400; OF. 
Eight equivalent positions: 
(g) xyz; Yxz; RYz; yX2; 
ax; ay; Z; yt+3, lees Z; R44; Vas, Z; paae pe Z. 
Space-Gi oup Cy. 
Two equivalent positions: 
(a) 034%; 3; 03. (b) 04 4; 30% 
Four equivalent positions: 
(c) £40; 224; 220; 224. 
() 434; $40; 244; 240. 
(e) 00u; 441%; = 4; 5—u; 0, 0, Ut 
(f) 03 u; 3 00; 3; 0, eh; 0, 4 $—u. 
Eight equivalent positions: 
(g) xyz; ¥, xX, +4; Xz; y, %, 243; 
t—x, 4-y, 2; y+, 3-x, 3-2; xX+2, Yt2, Z; 
+—Y; X+3, +7 


82 THE TETRAGONAL SPACE-GROUPS C},—-Ca. 


Space-Group Cy. 
Two equivalent positions: 
(a) 000; $44. 


Four equivalent positions: 


1 e uh e 1 eS + Gam: 
(c) 020; 200; 203; O22. 
pe pe n be 13. 1 3 
(d)i0$4; #02; 503 2; sa0 4. 
. 1% 6 1 1 1. af, 7. 
(e) 00u; 00%; Gy 25 U8, 2H25 4—U 
Eight equivalent positions: 
9 
1.11. 3.1 20 3.3 1. ol 
Gott, $44 28 tae as 
oS 2s 2S Sees cael ce 
444) 44 4) 444) 4 4 4° 
1 . af ° 1 a 1 . 
(g) 05 u; 3 0u; 2) 0, ut+z; 0, va u+4; 
‘a ee 1 iat 1 1 . 1 id 
030; 3 OU; 2) 0, g—u, 0, 2 gu. 
(h) uv0; ¥u0; $—v, ut+%, 4; u+4, v+4, 4; 
= ° o f 1 1 par 1 ae 1 
uv 0; vid; v+z, ZU, 3, Seer ae wea 
Sixteen equivalent positions: 
Gi) “xyZ; | ¥xu3) 392; ¥RZ; 
XYZ; yxz; xyZ; Yxz; 


1 1 a 1 
Ee Ve, oo a ee 
1 nk Oi jy 1 = 
22K, 3°-¥, 2-2 1s, FS ee 


Spacu-Grovup Cy..* 


Four equivalent positions: 


(a) 034 Wis LAW ie sh Se 
4 8) 4 8) 24 8) Dress 
A isc a cise Shh” SR ER 
(b) 023; 073 24 8) 24 8° 
Eight equivalent positions: 

zis Bt 1 1, ee 
(¢)00 0; oa a Ode apes 
O26. 23 bad a. eee 
2 d 444) PIED 5) 4 4 4° 
(dy 004s + $4505.00 eke S 
ee eee ee Pe aie ee 
222 444) 22 ? 444° 

a ° i ie me Uf 3. af 3 a he A 

(e) OFF uy Dien I$) os; 2) 4) Uae 0, re u+3; 

BP haae is 3 treo eel ee ed Rees 
Osst; Die re iy Tobe re ia 0, Te u 


Sixteen equivalent positions: 


4 —Xx, y; 2+; 
X, Vg; Z; Niners i-% y Ged 7— 

1 fl x p 
Xx+2, yg; Z+4; ys, aaa: a+t; x, 


1 4 . 
X+2, Wo me 25 


x 1 he 9 Ps 
= X49) 2a 


1 1. 
> Ce mama 6) Z+3; 


1 . 
yt+2, 3X, 2+ 


at Ri . 
x+3, YT2, | et F 


1 = p | 1 
Dae ATS; 34. 


ee 3 ae 

7 West fr +72 Z+43 

; 1 1 . 

>» ia ih Lic 

at 1 3 5 

aaNS X-4; 427 25 

Samo) aa 

cps 2. 34 
y; boy 4) a+ 3; 

3 ti eee f 

aa ie Sew Fy fen 
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EK. HEMIMORPHIC HEMIHEDRY. 
Space-Grovp C). | 
One equivalent position: 
(a) 00u. (b) 44u. 
Two equivalent positions: 
(c) OFu; 320u. 


Four equivalent positions: 


(dq) uuv; luv; itv; wiv. 
(e) uOv; Ouv; iO0v; Oiv 
(ff) ugv; gZuv; O3v; Ziv 


Eight equivalent positions: 
(g) xyz; $xz; Xyz; ykz; 
VSai 3YZS x2; xyz. 
Space-Grovur C2. 
Two equivalent positions: 
(a) OOu; #4u. (b) OF u; 40u.: 


Four equivalent positions: 


(c) u, a Nes tg, u, V; U, u+3, Vv; +—U, U, V. 


Eight equivalent positions: 


(d) xyz; Yxz; XYZ; YXz; 
aL 


y+, x+3, 2; X+2,3-Y, 2; 2-Y, 2—%, Z; 
Space-Grovur Ch. 
Two equivalent positions: 
(a) 0Ou; 0, 0, u+>. (b) 22U; 2, 2, Ut. 
Four equivalent positions: 
(c) OFu; 20u; 3,0, uta; 90, 
(rus! Guvy ,'u, v3; u 
Eight equivalent positions: 
(e) xyz; ¥, x, 2+3; 92; y, %& 243; 
Yo; 5, Yr, 2ta; x2; 5, y, +2. 
Space-Group Cy,.* 
Two equivalent positions: 
(a) OOu; 3, 3, Ut?. 
Four equivalent positions: 


(b) 04u; 0, 3, u+4; Ou; 4, 0, uti. 


x 
} 
Wapato. go 1 1 
(c) UUV; u+3, $—Uu, v+3; UW Vi5es ut+z, v+z. 


Sk ea aA 
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Spacn-Grovup C, (continued). 


Eight equivalent positions: 
1 


(d) XyZ; ys 4=%; Z+33 XYZ; er, xe; Z+3; 
k—x, y+4, 2+4; Yeo; x+9, 2—-y, 25; x2 
Spacn-Grovur C,. 
Two equivalent positions: 
(a) 00u; 0, 0, u+z. (b) 32; 3, 2, U+2- 
Four equivalent positions: 
(c) OFu; 20u; 3, 0, ute; 0, 3, ut?2. 
Eight equivalent positions: 
(d) xyz; Xz; XYZ; yXZ; 
Y) X, 243; x, ¥, od; ¥, & oth; &, y, 22. 
Spacn-Group Cj. 
Two equivalent positions: 
(a) OOu; 3, 3, Utz. 
Four equivalent positions: 
(b) Ofu; gO0u; 3, 0, ut+3; 0, 3, utz. 
Eight equivalent positions: 
(c) xyz; YXZ; XYZ; YX2; 
y+3, ats, Z+3; ics, 2 Y9 Z+33 z—Y; ieee 2+3;3 
— yt; Z+4. 
Spacn-Grovup CQ. 
Two equivalent positions: 
(a) OOu; 0, 0, u+3. (b) 22U; 2, 3, U+9. 
(c) Ozu; 3, 0, u+3. 
Four equivalent positions: 
(d) uOv; GOv; O, a, v+4; 0, u, v+4 
@) uty; abv; 4a vt; 4, v+4 
Eight equivalent positions: 
(f) xyz; NIA ete 7 ae y;, % faa 
Y, X, 22; xyz; Vuk, oases 
Space-Grovup CR. 
Four equivalent positions: 
(a) OOu; F2uU; 3,3, ut; 0, 0, ut} 
(b) 034; 3 0u; a 0, i 0, Pf ute 
Eight equivalent positions: 
(c) oe ¥; (x, zr 3; XYZ; y, X, Bae 
yt2; Kalas, ats; a, wy; Z; +, pees “+33 


4 8 
Cay—Cay- 
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Space-Grovp C2. 
Two equivalent positions: 
(a) OOu; 4, 4, uti. 
Four equivalent positions: 
(b) OF u; $0u; 4, 0, ut+3; 073, uti. 
Eight equivalent positions: 


(c) uuv; ui; utes 2—U, v4; ut+3, age aoe 


tiv; Guv; $—u, ut+3, v+4; 4—u, $-u, v+H. 
(d) uv; Ouv; 3, U ut+3, Vere ut+3, 2; vt+3; 
adv; Otv; 3 3—u, 5 a 21, oe Vi + 


Sixteen equivalent positions: 


(e) xyz; x2; X¥2; ykz; 
YXZ; xyz; Xz; “Ryz; 

1 di 1. 1 1 ne 1 al BS 

RA Sey TG AT ay EY; ke, 2S) 8s, TNs PF} 


xz Le 1 1 1S a 1 1. 
Bere, 25. XS, SOY, 245; SY, FX c24 3} 


cme yes Z+3- 
Space-Grovur Cy? 
Four equivalent positions: 
. 11 . n bebe RS 1 
(a) 00u; Say UY eR Pery, ut3; 0, 0, ut? 
(b) OFu; Ou; 3, 0, u+z; 0, 3, ute 
Eight equivalent ee 
7 . 1 ne 
(c) Uu, Way 4—u, u, V; U, Ue, NPR: ut3, u, V+235 
— ° 1 = 1 
a, 3 pet v; ut+3, u, Vv; 4U, 3, vt+33 g—U, U, \+3- 


Sixteen equivalent positions: 
(d) xyz; Yxz5 XYZ; yX2; 
y, x, +4; x, ¥, 243; §, % 2+35 %, y, 2+5; 
x+4, y+, 2+4; $-y, x3, 2-33 3-% 9- Y> z+4; 
y+3, 4—X, Z+33 
y+, x+4, Z; x+4, 4—-Y, Z; ; ean 5—X; Z; 3—-x, y+, Z. 


Space-Group Cyi.* 


Four equivalent positions: 
(a) 00u; 0 ue uz; 2; 0, Vier 8} 3; 3; u+4. 


Eight equivalent positions: 


(b) Ouv; u, 4, v+a; 
Oty; 0,"$-v+%; 
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Spacn-Grovup Cy) (continued). 
Sixteen equivalent positions: 
(c) xyz}. ¥y) §—Ky Brey ey ey ie eee 
XYZ; y, aS a+%; XYZ; y+, Xx, 2+4; 
x+4, y+, 244; y+, %, chopedexe as, 
¥, X+2, 24; 
$—-X, yh, 2+4; 4-y, 5) 2+5; 34-9, 4-7, 24a; 
y, X43, 272 
Spacn-Group Cj?.* 
Eight equivalent positions: 


‘ ° ai pa 1 3. te 
(a) 00u; D 2) U7; 2) 0, U-rz, 0, 0, u+-3; 
11 ° af Te BS 3. 1 1 7 
ea; 79,0, U--2, OF 9, Ure, ee 
Sixteen equivalent positions: 
. i a eis 1 Be 
(b) xyZ, Vie bo mee vB ae XYZ; 3 Nous Aa ig 


X, y; Z+3; y, 7k, Be; X, y; i v+%, Xx, z-+-4; 
Sehr Vars, Vie et $ y+3, x, “+4; i—%, iy, a+3; 
¥, X+2, 244; 
rc, Sra, Z; 5 X, i war x+3, eee Z; Y; x+3, a+4. 
F. ENANTIOMORPHIC HEMIHEDRY. 


Space-Grovup D3}. 
One equivalent position: 


(a) 000. (c) 24.0. 
(b) 003. (d) 22%. 
Two equivalent positions: 
(e) 040; 400. (g) OOu; O04. 
() O44; $03. (h) $40; 440. 


Four equivalent positions: 


GQ) Ou; 30u; 030; 300 
00 053106 0 Oa O 
(ky 0g3 90 Ud) Uses ty 
G)-u.0.0; 0170:) 000.) 00.0 
(m)uz3; 3ug; 033; 05 
.(n) u03; Ouds;. 0204; ODF 
(0) uz0; 3u0; G30; 300 


Eight equivalent positions: 
(p) xyz; xz; X¥2; yz; 
VR25 XV; VR2s UXVA: 
Space-Grovupr Di.* 
Two equivalent positions: 
(a) 000; 420. (c) OFu; 40%. 
(b) 003; 337. 


geek Ck BY Lice wi ce Se 
R ‘ 
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Space-Group Dj (continued). 


Four equivalent positions: 


(4) 00u; 000; $20; du. 

(ec) uu0; G00; u-+3, g—u, 0; 3—u, ut+#, 0. 
i. 7 i” . 

(f) uugz, Uuug; UE 2) g—U, 4; 2— u, u+3, oo 


Exght equivalent positions: 

(g) xyz; ys, 4—-x, 2). 892; gy, x+4, 2; 

1 1 7. sez. 5 = 

@—X, Yo; 2; YR} x+9, 3—-y, 23~ yxa. 

Spacr-Grovup D3.* 
Four equivalent positions: 
. 3. 

(a) Ou0; ud’; OF 

(b) guz; ut; 300; 

(c) uug; utig; auz 


eer ct 
oS NH © 
olen welcome 


Eight equivalent positions: 
(d) xyz; y, X, z+27 &, J, 
BVA. Snes te, Sy 
Space-Group Dj.* 
Four equivalent positions: 
(a) uu0; 003; utd, 3—-u, $; 3—u, utd, F. 
Eight equivalent positions: 
NIV 2, ow de i tee att) ¥; $Y, S42, 2493 
Spe OR a beet seeped PRs age Ss Pe fg Per a NE 


Space-Grovur D%.* 


Ral 
41 
N 
+- 
bl 
NIE p09] 


Two equivalent positions: 


(a) 000; OO0$%. (d) 044; 400 

(b) 330; 233. (ce) 007; 007 \ 

(c) 030; 703 (f) $34; 227 a 
Four equivalent positions: 

(2) 000; 000; 0, 0, u-+3; 0; 0,30 

(bh) thu; 9307) 3, butt) 9, 4 3-0 

(i) 03 u,; 031; 2; 0, u+3; 2; 0, z7U 

(j) u00; 0200; O03; Oug 

(k) uss; 033; 300; 7u0 

Gd) ws; 20g; 000; 00. 

(m)ud0; 030; 303; Zug 

(ny) oud, Un2; 002; tuz 

(oO) Ung; uit; 007; hu; 


Eight equivalent positions: 
(p) xyz; “y, % a+3; X92; J, x, 2+2; 
XyZ; Y, X, $—2; xyz; Y, x; 3-2. 
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Space-Group Dj.* 

Two equivalent positions: 
(a) 000; 
Four equivalent positions: 
(c) OOu; 004; 
(d) Ozu; 703; 
(e) uu0;' Gi0; 
(f) uug; 009; 

Eight equivalent positions: 
(g) xyz;  y*3) $x, 244; 
3—X, Yt3, 2-2; Fxz; 

Spacr-Grovup Dj.* 


pe ie 
2 2 2° 


2 


Four equivalent positions: 
(a) Ou0; 
(b) 3 ug; 
(c) uug; 


u03; 
13, 
U2 4; 


ud 3; 


i] 


f=] 
Sc we © 
Cola I Alco 


ci 


Eight equivalent positions: 
(d) xyz; y, %, 2+7; 
kyZ; ¥, X, 7-2; 
Spacs-Group D3.* 
Four equivalent positions: 


(a) wu0; 004; u+%, 4—u, 3; 


Eight equivalent positions: 

(b) xyz; 

YXZ; 
Spacre-Grovup D3. 


1 

¥+3, 5—X, 
a 1 
3—X, YT; 


Two equivalent positions: 
(a) 000; 
Four equivalent positions: 
(c) 030; 300; 
(4) 034; 404; 
(e) 0OOu; 0074; 
Eight equivalent positions: 
(f) O2u; 
2 0u; 
uuQ; 
a0; 


1 


il 
2 2 2° 


(b) 003; 


Role LI bolt 


- 


~ 


(g) 


1 1 
gu, u+3z, 


Cc MK WH © 
| bes 
© vie 


OS vie 


dl NIH © le 


tol Dole 
9 


2 3 0. 


~ 
bo 


bole 7 
bop bol 
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a+3; 


yxZ. 


loo 


x+3, 


Li 
SaaN3 
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Space-Grovur Dj (continued). 


(h) u00; 0u0; u+#%, roe + u-+4, 23 
000; 000; 4—u, > ey $~Ued: 


Gj) u0%; Oug; u+3, 
i003; Ov3; 7-1 ’ 
(3) u, u-b§; :; i, 3 zu, 45 u-¥; u, 25 +—u, u, 
$—u, u, re u+%, 0 u, 3 u, x=, 73 U, u+3, 
Sizteen equivalent positions: 
(k) xyz; xz; yu; Xz; 
YXxZ; XyZ; X23 XYZ; 
x-+4 ¥--4; a-F¥; Lay: x-F%, uF; $—x, 3—Y; Z+4; 
yd, 4—xX; 24-9; 
y+3, x+4, 4-7; x+4, $-y, 4—3%; $-y, 3—X, 3-2; 
s—x; y+, s—7 


~ 


~~ 


balet taliet Balt bole 
So OC NF ve 


Plo mIco 
e “ee 


x 
Yx2 


Spacn-Grovup D!?.* 
Four equivalent positions: 


jmp000; 0%25. 302; 9.34. 
(o) O04; O+:37-4.03; 4.4.0. 
Eight equivalent positions: 

key O0u; 0, 4,-u-+35 © $)0;0+3; ay 39 -U; 
00%; 0, 3, +—U; }, 0, 3—u; Z; 4; u+#. 

(d) uuQ; u, $—Uu, + $—U, $—u, +; 7—U, u, 2; 
000; Oo, u+$, 4; u+d, utd, 4; utd, a, 2 

er On Meer 9, ha by Ud Ud: 
aud; u, u+3, =; 4—u, u+3, pe IU i, z: 

(f) Uugds; ce 4—U, 33 $—u, 5 33 ZU; 

Wet, 57 0+3 4; utd, G, 3; 70. 
Sixteen equivalent positions: 

(g) xyZ; y; 4—X, a+; XYZ; 4— =¥, xX, z+3; 
x, ¥ 8; Faye 2%, 23) 1X13; y, G3; -yxi; 
<4; y+, as; y+3, X, aot 4—X, 3 rae ath 

9, x 14f243, 
x, y+, i—Z; YxZ; x, ac); +7; 


y+, x-+3, 5- 


G. HOLOHEDRY. 
Space-Group D4. 


One equivalent position: 


(a) 000. (c) 3370. 
(b) 003. (d) 33%. 
Two equivalent positions: 
(e) 033; 202. (g) 00u; 004. 
(f) 030; 700. (h) $3u; 370. 
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Space-Group D4, (continued). 
Four equivalent positions: 


(i) OFu; $0u; 700; 077 
G) uud; twO0;/uc0Piag 
(k) uud; iud; utifZ; oF 
(1) u00; Ou0; O00; GOOD 
(m)u0#; Oud; O04; 104 
(n) u¥0;. $00; $00; 0130 
(0) uz2; 2U3; 703; 132 


Eight equivalent positions: 


(p) avs 5 Va O ead On an © 0: 
yuO0; uv¥d; avo; Fa. 
(q)uv3; us; vad; B49; 
vuds; uv4s; tiivd;s Fis. 
(Put ve. uUuy? Dive tay 
US CV wae UL ULE Varma Varmme CLUE Vea 
(s) "Ov s O0w: OA sO ys 
wOV? OU Vs? “On y; nO, 
(t) suv; UZv; ugv; zav; 
udv¥; £07; 4uv; i3v. 
Sixteen equivalent positions: 


(u) xyz; xz; X¥z; yxz; 
yx2; xVZ; YkZ; ky?; 
XYZ; yXZ; xyZ; YxzZ; 
VXL XVA5 R25) XYZ. 
Spacr-Group DZ. 
Two equivalent positions: 


(a) 000; 003. (c) 330; 332. 
(b) 002; 00. (d) $325" $37. 
Four equivalent positions: 
(e) 030; 300; 033; 30% 
(e044 250304, 9 OF, AOg 
(g) OOu; OO; O, 0, 3—-u; 0, 0, u+. 
(h) +370: pea 3, z) zu; 3, +; u+3. 
Eight equivalent positions: 
@), O9up 30u;.0, 4, ut9; 2, 0, us: 
031%; 307; 0, 2; 4—U; oe 0, 7—-u 
(j) uu0; uti0; uuds; utd; 
Gu0; tu0; Gas; dud. 
(k) u00; Ou0; u04; Ou;; 
700; O00; G04; OF. 
(I) ug; 3ugz; uZ0; Zu; 
133; 303; 030; $00. 
(mjuvid; vit; yudsearye: 
UVi; Vuk; Vad; avi. 
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Space-Group Dj, (continued). 
Sixteen equivalent positions: 
(n) xyz; xz; X¥z; ykz; 
YX2; XYZ; XZ; XyzZ; 
%, 3, 9-2; y, %, $-2; x yy, 93-2; F, x, $- 
Y¥, X, +3; -%, y, +3; y, x o+4; x 
Spacre-Group Dj. 


Two equivalent positions: 


(a) 000; 330. (c) 030; 300. 
(b) 003; 33% (d) 033; 303. 
Four equivalent positions 
C)s52.07 2203 .220;, 270. 
Mietets Sti cit; Fi. 
(g) OOu; O00; 3 3u; 337. 
(h) OFu; $0u; 400; 0210. 
Eight equivalent positions: 
Gj) uuO; utiiO; u+ 3, u+}, 0; u+4, 4—u, 0; 
ua 0; aud; +— ) 7—u, M5 }— »u+s, 0 
ew teas) Oe ose us, 4; Ue, 
Was is eu, eu $5 seta 
(k) u00; Ou0; u+3, 3, 0; $7 ub, 0; 
u00; 000; 4-u, i, 0; 4, 4—u, 0. 
(I) u33; 3ugz; ut, 0, 3; 0, Uo a; 
aM Seo 4,04; — ’ 0, 3; 0, i, q- 
(m) u, tee WF u+3, u, V; 7—U, U, As U, u+3, V; 
g—U, U, Vv; i, 3—U, Vv; u, u+3, Vi iene u, Vv 


Sixteen equivalent positions: 
(n) xyZ;  -¥xXZ; 0 RYZ; WZ; 
yx2; XYZ; WXZ;— XZ; i 
z—X, 7—y; Z; y+3, 2S; Z; x-+3, y+, Z; a Ys x4, 3 
$y, 9—%,2; §—x, yh, 2) yohxts, 2; x44, 7-Y, 
Space-Group D4. 
Two equivalent positions: 
(a) 000; 332. (b) 003; 370. 
Four equivalent positions: 
(c) 300; 030; 0 
(d) 30%; 032; 0 
(e) OOu; O00; § 
Eight equivalent positions: 


(f) 4 


we we 


il 
44 
a4 


Ie | 


nik NIK CO © 


| + 


= lH 


NIH NI 


7 aoe . 
x+3, yt+z, a Ls 


Zz p Oe | 
7 seh 7 a b 


y+2, X+2, 243; 


x-+-4, EY; Z+ 


“we 
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Space-Grovup D4, (continued). 
° . 1 1. ut 1s 
(g) 7 Ou; 04% u; 0, 2 u+3; 2) 0, u-+s; 
= 6 = 1 ° 1 af 
400; 03%; 0, 2) 4—u; 2) 0, =U, 
(h) uu; ui 0; u+3; g—u, Oe u+3, u+4, 
it 0; au 0; 4—u, ut+3, *; 4—u, z—u, 
G) u00; Ou0; 4, urd, 9; utd) %-4 
= f = : ee 
100; 0010; 4, om ) +: 4—u, 2) 2: 
he p Sea ah ° 1 1 . 
(j) u03; Oudz; * u+z, 0; 3; 2) 0; 
= * Ce i ) 1 ° eh 1 
108; O09; 4, 9070; su, 9,90. 
Sixteen equivalent positions: 
(k) xyaye utys SESS eyez, 
YXZ 5; XYZ; VXZ; KyZ; 
1 ‘ pf 
4—x, Baas a—Z; y+, $—X, 3—Z; 
° 1 pi 
+-y, 4—X, z+4; 4—x, yt, Z+3; 
Space-Group Dj. 
Two equivalent positions: 
(a) 000; 330. (c) 033; 303. 
(b) 333; 003. (d) 300; 030. 
Four equivalent positions: 
(ec) OOu; OO; 440; ¥4u. 
(f) OFu; 040; 400; 40u. 
1 . 1 . ° cl . — 
(g) u, M3, 0; z—uU; U, 0; u+3, u, 0; u, 3 
1 . 1 e = . - 
(h) u, U3; 4; Gide is =; u+3, u, e u, 3 
Eight equivalent positions: 
Gi) uv0; vi0; v+4%, u+%, 0; u+3, 3—v, 
uv 0; vud; a Y, +, 0; g—u, v+3; 
S) is Ca ls ° 
(j) uvs, VUgG,; v+3, us; 3; u+3, 5—V, 
Cah oo a bees 1 P 
ENE in MUNG RS Satie Z—u, +; +—u, vt, 
(k) u, 4—U, Vv; u+3, u, V; 7-4, He Vv; U, u 
= il, Soc ey tee =. 
u, u+3, Vv; 3—u, u, V; u+3, MEV; well, 5 
Sixteen equivalent positions: 
(1) xyz; YXZ; XYZ; 
1 teers = if 
yt+z, Kata Z; x+3, 3-Y, Z; 4-y, 2X, Z; 
XYZ; yxzZ; xyz; 


ian Ti Se oF 
2—Y) 3X, 4, F—X, ytz, Z; yt+3, x+4, Z; 


Space-Group D§,.* 
Two equivalent positions: 
(a1 000; 232. 3 


(b) 0 


ules & 
230 


15a: 
x+32, © raed fee 


Z; 


P| 


J 
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Space-Grovup Dj, (continued). 
Four equivaient positions: 
(c) 020; 300; 303; 043. 
(d) 024; 20%; 093; $04. 
(ce) OOu; O00; §, 4, utd; 4, 4, d—u. 
Eight equivalent positions: 
(f) ae ae 3, 0, u+3; 0, 3, ut; 
OF0; 2700; 3, 0, 3-u; 0, 3, #—U. 
(g) u, u+3; +; u+3, U, +; U, #—u, 23 $-u, u, re 
u, u+3, q u+3, U, -: u, 7—U, ae +—u, u, re 
(h) uv0; vi0; v+, u+3, 4; u+d, 4—-v, 4; 
av 0; vud; e—V, $-- uj 33 $—Uu, v+3, 3. 
Sixteen equivalent positions: 
(i) xyz; yk; X¥z; xz; 
XyZ; yXZ; XYZ; YXZ; 
+5, ¥+3) Z+3; yy, a—<, 2-4; x3, ay; a3; 
yt, x+3, 2+3; 
a, Yes: a 2; sy; a %; a2: , xPa, 7 2-2, 
V5, ke a 2 
Space-Grovr Dj.* 
Two equivalent positions: 
(a) 000; $30. (c) OFu; 400. 
(b) 003: 33%. 
Four equivalent positions: 
(€) 430; 220; £20; 220. 
et teeat ts, 323) 22 2- | 
(f) OOu; OOD; $90; FFZUu. \ 
Eight equivalent positions: \ 
(g) uu0; uti0; u+%, 7—u, 0; ut, u+3, 0; 
Gi0; G@u0; 4—u, u+3%, 0; 3—u, 3—u, 0. 
(h) uus; uitiz; ut+3, $l, oe u+3, u+3, 33 
ada; ius; 71, u+3, 3; 3—u, z—U, z- 
Gj) uOv; Ouv; utd, 3, ¥; ae. 
aOv; 0a; 3—U, 2; V; 3, 3 u, V. 
(j) u, ut+3, Nie UO; aa, V; u, ou, V; i, Us, Vv; 
u+3, Uu, V; u+Z, a, V; 21, u, V; eit u, V. 
Sixteen equivalent positions: 
(k) xyz; y+, 3—-X, 2; X92; 3—-y, x+2, 2; 
x+3, y+, 2 YR2; 3—X, 2—-Y, 2; Yxa; 
XYZ; 3—y, eee Z; XYZ; y+, x+3, Z; 
4—x, yt, 2; JRE; x+3, 2-Y, 2; xe. 
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Space-Group D,.* 
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Four equivalent positions: 


Ds-DA.- 


(a) 000; 330; 333; 00. 
(b) 004; 33%; 00%; 397. 
(c) 02u; 7 00; *, 0, 4—U; 0, q) u+3 
Hight equivalent positions: 
(d) E45 15 hae eet 
244 44h 44h 224 
(ce) OOu; 23U; 3, 2, Ut+2; 0, 0, u+3; 
001%; 32 U; 3) 2) +—U; 0, 0, +—Uu, 
(f) uud; uti 3; u+3, tool 0; ut+3, u+3, a; 
iai0; dus; 4—u, uth, 0; 3-—u, 3-0, F. 
Sixteen equivalent positions: 
(g) xyz; ya, 2—-X, 3; XYZ; pa 5 
0. Sa sf v9, 4— > Ys Xe — Hy eee be a Lge oe y, x, 5—3; 
X, WA Z+3; vege Pi aed Ve x, NE Z+3; Edel 
4—X, Y+3, 2; Fz; x+3,4—Y, 2; yxa. 


Space-Grovur D,..* 


According to the previous definitions (page 33), this space group is Di? 


and the following one is Dj}. 


Niggli’s descriptions. 
Two equivalent positions: 
(a) 000; 003 (d) 033; 300 
(b) 220; 332 (ec) 00%; 007 
(c) 020; 303 (f) 224; 33% 
Four equivalent positions: 
(g) 00u; 001%; 0, 0, utd; 0, 0, Peas 
(h) $3; 3 3 U; 2; 3) u+9; 4; z; ae 
(i) 03 u; 03%; 2) 0, 3; 2; 0, Ve Sy 
) u00; 7100; O04; Oud 
(k) u32; 033; 300; Zu0 
(i) u0§; OVO; 704; OUD. 
(m)uz0; 303; 0130; Zu}z. 
Hight equivalent positions: 
(D)Uits, Ud. On eta: 
UG; Ult Cis wu 
(0) Ouv; u, 0, v+3; Otiv; a, 0, v+4; 
Ouv; u, 0) 4—v>) OUV; ty Use ow 
(p) uv; u, 3, v+3; Ziv; a, 4, v+4; 
fuv; ug, d—v; $09; 0,4, $v 
(q) uv0; vad; 270; wa: 
uv; Wa ast av Os evas. 


The two are here interchanged to conform with 
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Space-Group D4, (continued). 


Sixteen equivalent positions: 


(r) xyz; y, &, 2+4; 
KY; Y, 5, ¢--2) 
Xyz; ¥, %, 249; 
XyZ ; y, X, 3-23 


Space-Grovup D}?.* 


~ 


= 
Mo bd 


~ 


o we 


“es 


;-i- 


NIK A ble | 
N Sie NN NIE 


According to the previous definitions this group is DZ. 


Two equivalent positions: 


(a) 000; 004. () $34) 440. 
(b) 0023; 008. () $34; $44. 
Four equivalent positions: 
(c) 040; $03; 400; 044. 
() 044; $08; 04%; 402. 
(zg) 00u; 000; O, 0, u+3; 0, 0, 3—u. 
(h) 33; po 0; oy ts uss; 2) 3) ou: 
G@) uudz; ui?#; God; oui. 
G) uu; uti}; Gis; oui. 
Eight equivalent positions: 
Ce) 6 use Cus 9,0, 04-4; 0, 4, ats; 
030; 2 00; 2; 0, PT he 0, 2; z—-u 
(j} u00; Oud; 05; Oud; 
i100; 0a4; G04; 040 
(m)uz3; 7u0; uzZ0; 313; 
G33; 700; 030; 303. 
Orivs. vad: 0 V2; g; 
Ug Vit uv d;-ivudZ. 
(slower 20 0 vj u,.0, Vbs; 0, u, vrs; 
iuv; uaiv¥; i, a, #-v; u, u, 3-Vv 
Sixteen equivalent positions: 


(p) xyz; 
wy, 3-55 
Ey, +3; 
XyZ; 


1 
Spacr-Grovur Dih.* 


= Sc 
y, X, Z+3; 


yX2; 
YXZ; 


X, y, 
x, Y; 


= iE : 
Vy) So Fae) 


— 1. 
y, X, Z+3; 
YXZ; 
YXZ, 

1 
y, X, 7—Z. 
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The space-groups Di, and D4, are interchanged to conform with the descrip- 


tions of Niggli. 


Four equivalent positions: 


(a) 000; 0034; 
(b) 030; 303; 
(cy 004;+5003; 
ay Oat. 2 505; 


© eH © NF 
ale Plo CO © 


Role bol pole tole 


2 thee: 


ee 


SO vie OC lH 
Rol bol bolt bolt 


Nee 


falco IH bole tole 
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Space-Grovur Di! (continued). 
Eight equivalent positions: 
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(ce) $40; 224) Gee 0p ae, 
£44; PEO; Sear arse. 
(f) OOu; $4u; 4, 3, utd; 0, 0, u+32; 
00%; 3 2 U; +; Z) 4—U; 0, 0, 3—u. 
(g) OFu; 4005 64,0, us; 0, 3, u+3; 
03%; Zz 0%; *, 0, 4—-u; 0, as $—u. 
(h) u00; Oug; 3, utd, 2; u+2, 3, 9; 
100; 0034; uf 4—Uu, q3 +—U, Z, 0. 
(Gi) ud%; 3u0; 0, ut+3, 0; u+3, 0, 3; 
134; 300; 0, 1) 0; '=¥, 0, e 
j) uud; ul?; utd; utd, 4; Unease 
004; dud; 4—u du, 4, gees 
Sixteen equivalent positions: 
(I)sxy2; y, Xji24; Syaj 09; x24, 
x-+4, y+, Z y+, + 4-2; age 8 +—yY;, $e 
4—y, x+4, 4-3 
3—-X, yh, 2} 4-y, $x, 27 Xt doe, 
yt+3, x+4, 244; 
KyZ; ¥, 3, 3-2; x¥2; y, xX, 9-2 
Spacr-Group Diz.* 
This group is Diz, of the previous definitions. 
Two equivalent positions: 
(a) 000; 332. (b) 003; 330. 
Four equivalent positions: 
(c) 030; 033; 303; 700. 
(d) 032; 03%; 30%; 302. 
(O)ee 223 eit e did 2e 33a: 
Ce ee Pee sh rire wire 
(g) 00u; O00; 9, 4, u+9; 4, 3, 2—-u. 
Eight equivalent positions: 
(_h) OFu; 7Ou; 3, 0, utd; 0, 3, utd; 
40; 300; 4,0, d=; 054. 2—0- 
G) u00; Ou0; 4, ut+s, 4; utd, 4, 4; 
100; 000; q 3—U, UF See 3, 3 
(j) u0%; Oud; 4, ud, 0; u+3, 4, 0; 
103; 0a ; 3) 4-4, 0; <1, 3; 0. 
(k) u, ut+4, 4; u, $—u, 3; a, 3—-u, 3; 0, ut, 2; 
u+3, u, re u+3, U; 4; $—-u, a, 2 z—u, U, - 
(1) u, u+3, “§ u, #—-u, a. u, i is, 7; i, u+3, a 
4; U, 4; u+3, i, a 7—U, i, 33 3—u, u, a 
(m)uuv; u+3, 3-u, v+3; fav; $—u, uti, v+i; 
uadv; ut+2, ut+3,3—-v; uv; 4—u, $—-u, }-v. 
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Space-Group Di (continued). 


Sixteen equivalent positions: 
(n) xyz; y+}, 3—x, 2+4; xyz; 
X+3, Y+3, 3-2; yk; 4—x, 2-2; xi; 
+—X, ¥A-3, Ze: YXz; X-+4, —Y; a+4; YXZ; 
XYZ; +—y, 2%; : hee XYZ; yt+4; x+4, a2. 
Spacre-Grour D}3.* 
Space-groups Dié and Dié also are interchanged. 
Four equivalent positions: 


—y, x+4, 2+4; 


1 


| 
= 


Bol bol bole 


(a) 000; 003%;-530; 434. 

(b) 003; 009; $44; 447%. 

(c) 030; 303; 300; 033. 

LOG £03; 03 9*-9 04. 

Eight equivalent positions: 

GP OGu, Fou; 474, ute; 0, 0, u+4; 
OUD ee 30;0 ee, 8—u; 0, Oj—u 

p07 0; 54 O15; 79,0, Utd; 0) 34,5044; 

pues Or 0d 0; Oder: 

(g) u, u+3, +; u+3, U, 2 t, 3—u, ay 3—u, u, ~~ 
u, ut+z, -< ub; u, 4; u, $—u, 2 4—U, u, re 

(h) uv 0; uv 0; s=U, waa 0; ut+3, ae 0; 
vig; ¥udz; +-Vv, 4—u, 3} v+3, u+3, oe 


Sixteen equivalent positions: 
Ci)) xyee ¥,%,- 213; X¥2;" ¥, x, 2+3; 
SVP eve Gs sve; Vy X, 9-2; 
See yd), 8, 24; X13, 2, 2; 
yt, x+3, 
4—x, yt, Z; eae 7s, 4-2; x+4, 3—Y, Z; 
y+%, «+3, 
Space-Group Dik.* ‘ 
Two equivalent positions: 
(a) 000; 333%. (b) 003; 330. 
Four equivalent positions: 


(c) 030; 033; 203; 700. 

(d) 044; 04%; 30%; 30%. 

(e) 00u; 00%; of ;, u+3; 3) 4, + U: 

(f) uuQ0; ua 0; Ugo u+3, ve u+3, g—Uu, 3. 

(g) uud; G4; Z—u, ut}, 0; uts, —U, 0. 

Eight equivalent positions: 

(h) OZu; 30u; 3, 0, uta; 0, 4,,u-+4; 
03%; 3 0%; Pz) 0, 7—U; 0, - 7—u. 

(i) uv 0; vu0; v+3, 70; as u+3, is +; 
iv0; va0; $—v, utd, 3; y teeel Ee eee 

(j) uuy; uuv; u+3, woe; 7 u+3, cipal Viet 
uuv;, uuUyV, 3—u, u+3; v+3; 3—u, ut+3, z—V. 


97 
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4-2, 
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Space-Groupr Di} (continued). 
Sixteen equivalent positions: 
(k) xyz; yt, 3—-X, 2+3; X92; 3 
xyZ; yt%, 2—-X, 3-4; X92; a—y, X42, 3-4; 
$—-X, y+, 2+3; Ro; x+3, 3-y, 23; xz; 
$2-%; ys; $72; ; Z 
Space-Group Djp.* 
Space-groups Dj, and Dj are here interchanged. 
Two equivalent positions: 
(a) 000; 233. (b) 004; 440. 
Four equivalent positions: 
(c) OOu; OOD; 4, 3, #-—u 
(d) Ozu; 700; 3, 0, 3—-u; 


Eight equivalent positions: 


(e) Drie) US A isee iis sila leone 
Cla etd) 4470) Ad Aid ee PA 
333 CR Ree eR Ei se PSE g 
44 4) 444) 444) 44 4° 

he des 5 ft: i 1 Fi nee fie 

(f) uu 0; au; ut+?z,; Pie: Se ee ©) ut+z, 2) 

= e as Sine 1 1 ple 1 1 1 

wu OF “a0; Us, U2, a5 49 — 1 

¢ se ea 16 1 Ai ea 1 Sip 

(g) Ouv; Ouv; u+3, 2 VTz, 2 —U, 2, VT; 

See nyy ee, Ds gee! 1 
u0V; u0V; 2) u+3, 4—V; Fy 6S ey ie we 


Sixteen equivalent positions: 
(h) xyz; y+2, 3—x, 2+3; XYa; 


boy, x4, 044; 
al 1 e ine if 1 e 
Kats; ya Jig Ose Dim ky ook cat Vig ae leg YxZ; 
+3 
Z 


ballet bolt bolt tole 


Zz 
RVS 0 3 Voto Xe Ue; AVZ; Yap eg eee 
2X, y+3, he YxZ; x+3, iy, +— ; yxZ. 
Space-Grovur Dif.* 
Four equivalent positions: 
(a) 000; 333; 003; 330. 
(b) 002; 234; 00%; 234. 
keyeare 0; eae as OF ae: 
(ers saat Ont ae 
(e) 05; 30%; oh 0, aM: 0, _ u+ 3 
Hight equivalent positions: 
(f) OOu; $3u; %, 3, u+d; 0, 0, u+4; 
00a; ZU; q) if aU; 0, 0, 7—u. 
(g) uu0; utiz; u+3, 2. a u+3, u+3, 0; 
aa0; uz; $11, u+3, 33 7—u, 3—u, 0. 
(h) uUug; ut 0; u+3, 777u, 0; u-+4, u+3, Le 
ats; au 0; +—4, u+3, 0; : ee be z—U, 3 
u+3, u, ¥; u+%. a, $—-v; $—-u, i, ¥: 4—u, u, 4--v. 


Let 
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Space-Grovup Dii—(continued). 
Sixteen equivalent positions: 
(j) xyz; y+3, —x, 2+4; X92; d-y, xt+4, 244; 
X+2, Ya, 2; y, X 9-2; g—x, 3 2; 
* : 


is A +3; z—Y; 9X, Z, X, ¥; +3; y+4, x+3, 
ee y+3, ¢> 2; YxZ; x+9; a—Y; fms XZ; 
Space-Group Di 
Two equivalent positions: 
(a) 000; 332. (b) 003; $30. 
Four equivalent positions: 
(ec) 090; 300; $03; 044. 
ayes; F027. 09 230 -4.04. 
(e) 00u; 00%; 2) 4, 7—U; Z 3; u+3. 
Hight equivalent positions: 
LG re CAE Oe ee ee op 
Bye ates 2a; EP: 
(e).09u; $0; 4,0, ut4; 0, 3, ut+3; 
0314; 3 0%; 3) 0, 4-0; 0, 3) Us 
yoyuuO; ud0; u-b3, $—-u, 9; uth, u+4, 3; 
a0 0; au0; +—u, u+3, +; 4—u, 4—u, 3 
G) u00; Ou0; 3, ut2, 3; Ve ap ae pe 
000; 000; ee a :; +o; Z, a: 
(j) u03; Ougz; 3, ut3, 0; Mea ea, 0; 
105; Oz; ce 7 Uy 0; aU; 3) 0. 


(k) u, u+3, z; +—© u, z; u, aU; z; u+3, U, z; 
u+3, u ’ 3; u, yu, re g—u, U, 2; U, Urea, 2; \ 
ui, g—u, a u+3; u, 2 u, u+z, ce zu, u, a; 
$—u, 0, 43-0, uth, 4; utd, u, 7d; u,d-u 4d 
) uv0O; Vu0; UvO; vid; 
vValGoeeuy Oo; Val; av 0; 
u+3, v+3, 33 =; u+3, ZF 3 u, ae 33 Varey += 
vt+3, ut+3, +; u+3, Eb 33 av; ro, Le au, i 


(m)utiv; uuv; tuv; 
Guy, way; Ul; 

1. 1 
u+3; aU; v+3; u+3, US ae vt; emer 


99 
Z; 
L; 
Uy 95 
3,3 


é ih gs Meee 1D me 5 hes 
UO; Ub; a=; u+z, u+z, ie NLS as-9; p fimmar ine  eean fe 


3 u, g—U, 7—V. 
(n) Ouv; GOv; Ov; uv; 
u0¥;- O07; 707; Ouv; 
2; uts, v3; 4—u, 3, v+4; 3,3—-U, V+3; ut, 2, V+; 
u+4, 3 2) 3 ae V3 3, 9—u, 3—-V; 7— ¥,4—-V; 3, u-+-3; $—Vv. 
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Spacre-Group D}—(continued). 
Thirty-two equivalent positions: 


(0) -3yz}, » Fx2}) Ryze vee, 
yXxZ; xyZ; YXZ; XyZ; 
KVZ; yxe; xyZ; xi; 
9kz; Ryo. ae 5 ana 


x+4, y+%, 2; sy, x-+4, Z+4; an, c—Y, a+3; 
. ¥+3, 3—X, 244; 

sift x4; 5-2; x+4, z—-Y, +7; s~y, $—x, 3-2; 
7x, y+, +—%; 

tet +7; 3-2; y+, 4X; 4—2; x+3, y-+4) ea; 
4—y, x+4, 4-2; 

—Y, foe “+3; 3—X, y+, Z+4; y+, x+3, a+4; 
x+3, ay; z+4. 


Spacr-Group D3. 


Four equivalent positions: 
(a) 000; 003; 423; 270. 
(b) 020; 200; 033; 203. 
(ec) 002; 00%; 344%; $42. 
(d) 032; 302; 30%; 024. 
Eight equivalent positions: 
(ce) 220; £20; 220; 270; 
£235. @ihigt 24; eke 
(f) OOu; Z2U; 3, 2, Ut2; 0, 0, ut3; 
00%; 3 3 Uy; 2; 3; 3—U; 0, 0, eit. 
(g) OFu; 7O0u; 3, 0, uta; 0, 3, ut+s; 
031; 3 00; 3, 0, 3—-U; 0, 3, 7-u 
(h) u, u+3; +3 > hare u, Z u, ‘i, z; u+4, u, +5 
u+3, u, eB u, 7—-U, z; pie tS u, 2; u, u z; ra 
Sixteen equivalent positions: 
G@) uu0; uug; ut+%, ut, 0; uts, utd, 3; 
aud; iu; +—U, Us, 0; tu; u+3, a; 
G00; 203; g—u, $—u, 0; $—u, —u, 4; 
ut 0; ulZ; La; $—u, 0; u+3, tau, 2- 
(j) u00; u03; uta, 3, 0; uU+3, 3) 35 
0u0; Oud; 3, ut+3, 0; 2) lista 2) 
000; i103; 2—U, 3) 0; + U, ., 33 
000; 0u3; 3, 3 u, 0; ae u, 3 
(k) uv; vud; v+g, ut+3, 2; ut, v+3, 3; 
wat; uv 4; Ua $— 2: piteNG, uss 2: 
Uae; vid; eae 3—u, q; pel ye 2 
vO4d;, 023) 4—Uwoks 25 oa ba 
Qt, Ura Vig (EU 9. Oa Uy ee ee 
u+3, u, V; u, SU, Vv; s—U, U, Vv; u, Uu+4; V; 
U, ely 5; tea U, a-Y; u, ut+3, +=, +1, u, a—Na 
$= U, v+3; u, utd, Bila we u+3, u, v+33 u, 4—%, v+3. 
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Space-Grour Dik (continued). 
Thirty-two equivalent positions: 
(m) xyz; xz; RY; yz; 
YxZ; XYZ; YB; XyZ; 
x, Y, 3—Z; y, X, $2; xX; y; 3-2; y, xX, += 
Y, X, 2+3; %, y, a+3; y, x, a+4; x, J, 2 
x-+3, y+3, 2+3; $-y, x x, Z+4; $~ x, +—y, 2+35 


ytd, x+3, 5-2; xy, $>y; 3-2; iy; eax, ae 
aa, y+3, 2-2. 

; x49, yes, Z; ey; oe Z; 

YG, +4, 2; x+9, 9, Z 


>=; $y; Zz; Vs; 
4—y, 4—x, 2; 4 
Spacr-Grovup Diz.* 
Four equivalent positions: 
(a) 000; 03%; 30%; 4 
(b) 003; 034%; 303; 3 
Eight equivalent positions: 


(c) 02%; 223%; 02%; 20%; 
$23; 233; 32%; 204. 

(d) 32%; 203; 243; 234; 
O28; £03; OF8; 223%. 

(ce) OOu; 0,4, utd; 3,2, ut+2; 3, 0, u+9; 
00%; 0, 3 <7-u; 3) oe xu; 5, 0, eal 

Sixteen equivalent positions: 

(f) uid; 7, eel en Se zug} 
u+3, re e: re 7-0, i; 4—U, 4, 33 ree 
233 Z, utd, 3 uds; zug; 
PS 2, UTS, 83 ad, 8} 12 Os 

(g) uu0; u,#—u, 7; a0; #—u, u, 4; 
ut+3, u, * u+4, 3 u, 3} a=, u, z3 a, u =; re 
aud; a,7—u, 7; uid; u, u+%; 433 
g—u, ut+3, 3} $=u, — —u, 33 ut+3; U, a; u+3, u+t3, 3. 

(h) Ouv; u, 3, v+a; Otv; +—u, 0, We oe 
3) u, $—V; u+4, 3 2) ; =V5 3, ? i—v; ee 


3, u+3, vt+3; u+3, 0, v+3; 3, 
0, u+4,2-—v; ~ u0%; 0 
Thirty-two equivalent positions: 
(i) xyz; y, 3—x, 2+3; X¥7;° 9—y, x, 24-4; 
x-F3, y> 7%; y+, 7x x7; x y, t—Z; YxZ; 
Kyz; ¥, 4—x, 2t4; x¥2; ytd, x, 2+4; 
4—x, y, $-2; 4—y. 4—x, 9-2; 


x 
5 es Ele mak 
x-+4, y+%, ag 2 yt, x, Vg a a 2 


U 

$= Vilas OF a) Vt 

1 . 1 ae 
g—u, rv 1 Uu, 3, g—V.- 


Y; XFa, 2-7; 
econ Sek CW ar a qe er 
Xx, y+, {—2; sea) x, z—Ys 4—2Z, a Ys > oP J 2; 
rx yti; a-+8; g—Y, X, Z 2; X14, ONS) Z+3; A 7 
y) x+2, aa a 
PS . soe 1 LS pe al, Bee, 
x, y+; +3; YxZ;  X, 7—-Y, 274; y+2; <4, g—Z. 
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Space-Group Dj.* 


Hight equivalent positions: 


THE TETRAGONAL SPACE-GROUP Dj. 


(a) 000; 044; 30%; 770; 
003; 034%; 20%; 237. 

(b) 004; 034; $00; 944; 
00%; 030; 303; 227. 

Sixteen equivalent positions: 

(e045; ek Fes Fine Oe, 

$44; 244; 224; 293; 
024; £34; 02%; 20%; 
Sth, 33% FTES 

(d) 0OOu; 0,4, u+d; 4, 0,utd; 4, 4, 044; 
O00; 0, 4, utd; 4, 0, u+d; Saree, 
3 2 U; 0, q) +—uU; 3; 0, eet 0, 0, , fa ; 
440; 0, Z) ei; 3) 0, 2—O3 0, 0, u+3. 

(e) uzs; Fe coe ee OE a Zug; 
u+3;, 4; - i, AS, 1; —T, 7e 3; 414; 

Gis; $—u, 4,95" 4, Way Pg aG 
udé; ut}, 2,27) 2 he ti 2et 

(f) uu0; u, 7, eS ua 0; $—u, u, ‘; 
ut+3, u, +; u-Fy, ;—u, 0; 7, u, re tu +5 
i 9, 3, a u-+-# u, +. x—u, 4+—U, 4; ua, u+3, : 
u, u-F3, a; utig; u, 4—U, 3; 3—u, u+Z, 0. 

Thirty-two equivalent positions: 

(g) xyz; y, 3—-x, 2+4; x92; gsy, x, +2; 
Koa, y; re a y+, 7s, Z; 3x ¥y +—2; y, x, 4-2; 
Lp 23; SV ae See, x,-¥, 297.9 Fd, xa: 
3—%, Ys 2-2) -4--)) GS, 9%; ee ee 
ka, aaer +4; yt+3, xX, a+4; += 4-7, Z+3; 

¥, X42, 2443 
X, y+, 72; y) X, 4-3; X, $Y, i—3; +, x-+4, Z; 
3X, Vrs: Z; a—J; X, z+t; x-+4, $y; Z, Y; =x+-4, a+; 


cs 1 62 ’ ae 
x, Vary a—Z;, YXZ,; 


1 
>. vitae 


1 
oat tan 


yrs, x+-4, 2—& 


ae ULT Meee ENN eT Nts 
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CUBIC SYSTEM. 
THE SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 
ONE EgQuivaent Position. 
(la) 000. (1b) $43. 
TWO EqurivaLent Positions. 
(2a) 000; 434. 
THREE EqQuiva.ent Positions. 
(8a) 220; 303; 033. (8b) 300; 030; 003. 


FOUR Eaquiva.ent Positrons. 


(4a) uuu; uid; tiut; ddu. 
(4b) 000; $30; $03; 033. 
tex t. ag 5 1 ‘ nt 
(4c) 344; 400; 030; 003. 
pS a aS aR bem We ak oe: 
(AG) Fe. 7 3335 2495-934. 
(4e) 228. 321. 2132. 213 
444) 444) 444) 44 4° 

5 aH 1 =. — 1 2 1 = 1 

(4f) uuu; u+s, $—u, 0; t, ut+3, 3—u; 4=—u, oi, u+} 
(4g) 422; La By 75 3. tS Bey Oa 
$) 888) 888) 888) BBB: 
S&S 8 3. ply aes ey be BR fe i831 
(sete. Pes; tSt;, Fee: 
(4i) 333; Z1S. S22, 157 
8 8 8) 8 8 8) 8 8 8) 8 8 8° 
(4j) 23; 235. 3521. 277 
VINGS.65° S668) SS 8) 8 Bs" 


SIX EQuIvVALENT PosiITIONs. 


(6a) u00; OuO0; O00u; (6e) 040; 0034; 400; 
7100; 000; 00% £04; 440; 033. 
(6b) zu0; OFu; u03; (Gf) O32; £03; 220; 
300; 030; 003. OF%; £03; 770. 
(6c) Oud; ZOu; uz; (6g) 304; 430; \023; 
003; $00; 40. 02; 240; 034. 
(6d) us; 22U; Uz; \ 
303; 330; 033. 
EIGHT EaQuIvaLent PosiITIons. 

(8a) uuu; Gud; u+%, uty, ut; F—u, ut}, 5—-U; 
Bou, wou; utd, $-u27—-U; 3—u, ¥—u, +}. 
(8b) uuu, +, u, U; ut+3, ut+3, ut+3; u, u+3, 5 aN 

u, U, 4-U; u, $=u, u; ut+2, eu ti; q=-1, u, ut+?. 
(Se) UUU; Unt Tut; wiu; 

LIGRE UL eee CLC Cee UIE UE UU OL 
Gojuta, 00d, 3-0, 4-0, 5—u; ut}, gu, urs; 

uti; ttiu; 3—u, ut}, u+4; ut}, ut+s, ¢—u. 
(Se) 2o4a, 2235 3245 241; 

Bt. Ein tas 02 tf 2: 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


EIGHT EqurvaLent Posrrions.—Continued. 


5 1. As * 
(8f) 034; 404; 53 0; 000; 
133. 813. 381- Lid 
444), 444) 444) 444: 
° 1 Py 1. 1iil. 
(8g) 300; 030; 003; 223; 
i 1a Tals TP eae ae ar a Ne RE ek ed 
444, 444) 444) 44 4 
. i = pee ome 9 e 1 = is 
(8h) uuu, u+3, 4—u, u; uy, u+z, 1 Soom ES hy atl BI 8 Ip u+3; 
= me 1. a: 1 
uuu, $—U, u+3, u; u, +—Uu, u+3; ut+z; u, g—Uu. 
1 e 1 . 1 ate 7 
(81) 000; 330; 703; 033; 
se ie Her 1 7 ° 7 
33%; 003; 030; 700. 
(8j) uuu, u+3, Toon U; i, u-+4, $—U; +1, U, u+3; 
1 1 3 3 1. 3 1 3. 
t=) aU; 2a; aa: 4—U, Utz; 24; utd, W-7; 


; uti, 4, i— 
’ $—U, a; U, us4; 7 a 37; U, u+4; 
i=; uae +55 1494; =U; u+4, u+3; 
u+$; utd, du. 


(8k) 


d 


Rho 
[oe 
fed 
[co 
B= 
A ig 
vik 


(Sl) 424; 428; 242; 224; 
8 8 8) 8 8 8» 8 8 8) 8 8 8) 
BBS. BB7. TESC02 28 
8 8 8) 8 8 8) 8 8 8) 8 8 8° 
333. Gebo 1s 13 86 51.3. 
(Sm) $233) $34,423; 293 : 
QT r oC wee 8 Os at Te 
8 8 8) 8 8 8) 8 8 8) 8 8 8° 


TWELVE EqQuIvaALentT PosITIONS. 


(12a) u00; 7100; u+3, 3; 33 ;—u, 4, ¥3 
Oud; 000; 4, utd, o>. 3, 3-008; 
00u; 000; 3, 3, utd; 4%, 2, F—-U. 

(12b) uZ0; @$0; u+4,.0, 3; —u, 0, 5; 
Oud; 003; 4) u+3, 0; 3) 4—u, 0; 
3 0u; 30%; 0, oe u+3; 0, z; 2. 

(12c) wi; 3,d5u+-4,93,.4; 3-10,.0; 3; 
7u0; +04; ry u+3, 4; 4; 4—u, 0; 
OP ss PO, 2 ae, 2. do. 

(12d) Ouv; OV; Oud; Oiv; 
vOu; VOU; VOu;: yOu; 
uv0; 170; uv0;-av0. 

(12e) suv; 400; Zuv; stv; 

VeU;. V4; 19 Uy VEO; 
uv3; a4; uvs; avid. 

(12f) u03; G04; uZ0; 030; 

3u0; $00; Oud; O84; 

 OFu; OF0; 4£0u;° 40%. 

(12g)"uuv; ute; Guvy tov: 
vuu; vuut; vViaiu; vii; 
uvu; uvu; uvi; ivi. 

(12h) 30%; 302; 03%; 032; 

240; $40; 420; 420; 
044; O24; 2403; 304. é 


See 


sais Sas oh al TVA AS 


SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


TWELVE EQUuIVALENT Posrrions.—Continued. 


(12i) 
(12)) 
(12k) 
(121) 
(12m) 
(12n) 
(120) 
(12p) 
(12q) 
(12r) 


(12s) 


1. foOi: A ee 

w03; u03; Urs; 0, 3) g—U, VY, 9; 
ola: 2h 1 eS. 
ud; 2 ti 0; 2) ut+3, 0; 2, 2—U, 0; 

1y- Te i b loe 

0 QU; 03%; 0, re) ut+3; 0, 3) —U 
1qQ- Fin: 192 ek 1 
uz 0; a3 0; u+z, 2) 0; 3 —U, 9, 0; 

ie =~ 1. Lien ie . 
Oud; Ou4; 0, u+3;, Ze O.3=n, 2) 
1 ° L ate 1 1. 

2 Ou; 2 0%; 2) 0, Us; 3, 0, $—U. 
3gi- 1938- S11. 371. 
8 4) 8 4) 8 2 4) 48 2) 
33-02 92:4 05-5 Se ees 
48 ’ 48 ’ 4.8 2) 8 2 4) 
gis: g3i- 115. 137. 
4 8) 4 8) 24 8) 24 8) 
2926 CPi) OS & FORT: 
24 8?) 24 8) 4 8) 4 8) 
B13. 111. 598- 1170): 
8 2 4) 8 2 4) 8 4) 40 “3 
Ss Ls pe te SS SSG) S TQi 
48 2) 482) 48%) 8 4° 
weds var. 0: ars a0 0; 
Onn: Owu;s 0G; 01 u; 
GZOu; udu; GO; uOA. 
wuss UUs; Uist u 4; 
Pu 0; Fu, FU; 5 10; 
ig¢gu; ugu; asi; uz. 

BY i. pH 2. — ye 3. “= 1 
Uu, g—U, @; U, ut+s, 4) u, g—U, @) u, u+3, 
a! 1 PMS 1 Cpe pe : 1 <= 
4) Uy g—U;* 4,0, Uso, yey by ores, a, U, Uu 
1 1 2 1 3 . a a 6S ae 1 
g—U, gq, U; ut+3, 4, U; Daly oy Uy ut+3, 4) 

1 a ‘Tice 18: <w jie ae = di, 
Wy 2 U; a, <u; UT?) 4) u, g—U, 4; u, UT?2; 
3 1 et ix, aes ger al gd 3 a 
ap Uy aa; va, U, Uso; 4, U, 7—U, 4), U, U 
1 3 ; On a ; 1 ry ey, Fe 
Dig wie We Uae p 4, U; g3—U, g, U; O35 4) 
1 ee a il 7. al Tesi 1 = 
Pop Uns ae U, z—U, 38; Wb z; u+¢, 8) u+z, u, 
a 2 Sa 1 5, 3 pie aa ai 
Tie emery US ara oe pe se, crs, ut+3; 8) Waa 

1 ° 1 a . AS. 616 = 
u, es Dele ae Us gs ean ls U9; 8) UFZ; u, g, U 
3. Ag 5. ak pe eS 3°95 
zt, U; 38) a, 3—U, 8; Mra; ut+z, 8) Uh 2 u, 
e 5 1 1 . uf ee aby nl 3 
$5 =U, Us scspiesiagy aie len 83 UH Z5 ut+3; ou 4) 
. 1 Lge gE 4 oe ge Bey rk 
u, re 7; oy gy ae Chee ut+z, 3) uclPz; U; 38> U4 
igi: Bele Se PS.) () a sp ge i y 
8 4) 8 2 4) 8 4) 48 2) 
eit oe ee eee ee 
ye) 48 2) 4 8 : 8 2 4) 
p eS 13 5. 3 3. Bh ol: teh 
O24; 34 8> O73; 2 4 8 
SIXTEEN EqQuIvALENT POSITIONS. 
uk als, al i 
uuu, ut+3, +s, u,; Ws; u, ut+3; u, U4; uts 
Snes = aN) SO eG . pe ak 
uuu, u+3; 3; U; ut+3z, U, g—U;, U, 2 fat oe UL 
a = 1 set —u° 67 J8 OL 
uuu, 4—Uu, u+z, Oi yy WE u, 4U, ut+3, Jom 
ae eS F Pe ae L 
uuu, 3—U, >, u; 2—U, U, U--s, eu, g—U, ut+2 
Tete Pes Set oye t od. BS 
iS Se (Se Ses ees Six, 8 8 87 
gaat ty AO CT 57 3. 133. 
gtk Si 1S 61S). 88 8a 8 8. 8) 
A Oy Ey Glas WER SR Er ew eo 
ete ‘SG hS 76 884899, 16°8 °89 
ERED eS 8 lit BU Sp Tey, CLES TS 
SBS) 88 52° 8 8 87’ 8 5 a" 


loo Cb ool RIE SI olen SI tle loo CI IH AIS 


ce we 


? 


. 
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we Nee Ne we we Nee we 


“ee 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


SIXTEEN EauivaLent Posrrions.—Continued. 


(16c) 


(16d) 


(16e) 


(16f) 


(16g) 


(16h) 


(16i) 


(24a) 


bet: Tony aA 71.3, Vy Ry die GR 353. 
8 8 8) 8 8 8) 8 8 8) 8 8 8» 
t 82. pi dbo) ORE eee oro. 
6S 8) "8 S890 B.S By Ae By 
7S 1. ok TAD ek Bat it oe! ai 
8 8 8) 8 8 8) 8 8 8) 8 8 8B» 
TOR ts 7 Rady bry he 335 
8 8 8) 8 8 8) 8 8 8) 8 8 8° 
ee 1 1 1 1 e 
uuu; GOS wuts wetay+-oy iu g-su, ¢—0; 
oe SS ¢ pA i. 
uid; tuuy utd, $—u, d-u; Fu, utd, utd; 
ie ee = ! ‘ 1 1 1. 
uuu; uuu, $ ) -+F, ru ut+z, gM, u+3; 
es = a 1 i ee 
tiaiu; uuad; 4—u, $-—u, ut+3; u+%, uta, 7—-u 
uuu; u, U, 3—U; $—v u, a; @, 4-0, U; 
a * 1 = ° Rom. 
uuu, U, U, u+¢} u+32, u, U; U, ut+z, u; 
1 vi 1 = = i Joe ei 
Usk; u+4, ura; u+z2, g—u, Uu; U, u+z2, z—U,; 
1 * tie 
g—uUu, U, UT; 
. 1 1. 
Nesp u=% u~%} 4—u, ut+?, u; wu, 7—U, ut+z; 
1 
u+3, u, g—Uu. 
. = 1 . 1 6 ok . 
uuu, wu, Uy 7—-U; g—U, UU; U, z—U, U; 
° 1 1 3 ° iL 3. . 
is, U4; ust 33 4—U, u+z, ae Ws; ut+z, Gino wy t u; 
1 
$ tu, g—u, u+-4; 
ls 1 1 =e = 1 1 « 
u+3, Ua; u+3; ut+z, g—u, U; U, u+z, g—UuU; 
F 
g—u, U, ut+2; 
3 3. 3 3 1 e 3 a ° 
Wem ued; SEZ; 4—U, ut+%, 4—U,; u+i%, 473 bs, 
+—u, y tall 1 u+i. 
uuu; w-O) su; satu Oe Sb oe 
1 at al . 1 1 3. 1 3 La 
4—UjieU, ZU; UPalasus Ui ey Wee este 
3 1 1 « 
u-Z, UFZ, 2-4; 
1 hie 1 RY a = 1 1 . 
u+32, u+z, u+z; u+z, g—U, U;, U, u+3, 2—u,; 
1 7 ° 
; g—U, U, u+3; 
3 3 3 . 3 3 ib 3 ph 3. 
ao Uj oe Uy aa UU; es, 4—U, ute a7 U, Ut; ut+iz: 
u+}, usd, $—u. 
. pe Be 3 8, 3i. 3 Bae BP Wey 
000; 424; 224) 2233 
pF a e 3/32. Losin 2 A 
220; 444; 224; 003; 
al se 3 3. pe Se ES 1 e 
309; 223;°23733 0 30; 
LeeLee 133. SP Ps 1 
O22; g44; 224; 700. 
SEL LET See 3 lye oe it 
8 8 8) 38: Se 8 8 8) 8 8 8) 
Beil for aoe ae ER Hat Li ler Sle lee fit 
8 8 8) 8 8 8) 8 8 8) 8 8 8) 
33 3. 91 35, (8 Sol.) 5k 3.5 
8 8 8) 8 8 8) 8 8 8) 8 8 8) r 
SoS Bip) ae eT | aoa eS 
8 8 8) 8 8 8) 8 8 8) 8 8 8: 
TWENTY-FOUR Eauivatent Positions. 
° ol! ° 1 1. EL RIS 
u00; u+2, 2) 0; u+3, 0, 2) Uda; 
it Sie oe Se aM ee: Behe rea ts Lae Na 
000; 2—U, 2, 0; 2—U, 0, 2) UZ; 
° eS 1 5 it L.. sh 
0u0; 2) Urry, 0; ZU; 0, ut+3, 2) 
Ti we ee eee »* 1lpzil. ok a5 
070; 2, 2—U, O; 2Ug; 0, zu, 2; 
Saar Ree ern ig 1 ti 
00u; g32U;, 2, 0, ut+3; 0, 2, UT; 
00%; SS: *; 0, 4—u; 0. 7 >. 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


TWENTY-FOUR Eaurvanent Positions.—Continued. 


eda nia So ric 
etn <P pee = 
SIR Ss Hie nie 
Sue 

nia DO x CAH eile cole 


Ot AI OM ct Ae aie 
RAL wn SA. Tae on 
walt colt rift cole iit ijt 
cols colt rit ist ics = 
ey Pat 


SD dia ain DD colt et 
PISA colt rich rilst colt cals 
ata Bip DB 


1S OD Ie OO it ols 


oN As on ene 


S\ is =} iit cole 
AH Olt iit colt ist iit 
dt dt oft os OS is 


nm en 


oO Co COME colt CORN wife 
CoH oft CO rife wiles colt 


~ At CO Olt ier it it 


NN oN on 


S mit cast ris colt nies 
Ato CO alt ie it 
colt CIM rea [xt ila 


TX CaN oN STE TIN 
SO Olt ait cole ait ries 
Olt it SO colt IN colt 
rt OS lt led iit colt 


er ed nw 


o PRL aie I eae eifes 
rt it CO colt ice rl 
at SO alt eles colt colt 


(24c) 


New 


ries s Rist ales alee rales 


a 


RIS HI dea rie ans 5 6 S ice 
po igi 

Pe IS ies Pre Sot AS aica ist 
behest Aes coe a 
dia > Daa 3D 4H S oll rica dics eit ica 
Ha bb nina 
wae te ae ee meee 
Prin din > DS HIN ot O SHO rin 
Ha S xia Sadia O an oOo aL 
pie eoeileentie 

ri mle rea colt ris 
Pra he eae, | a a 
HAIN HIN HA > HIN Hot O DS at oO 
SBOOSCS Awan ovina So 
SOP > PD via iD adie Oo ole 
PPP Bi 1D aan DS lt rics 
Ppp be Sew Oo Dao 
Smo 5 soo 0-3 ay Ont ae 
SOOO P bm Bako IB ano 
fie a 

o 

= ¥ 
s os 


Sra nia OS ris oS 
eer + Hi oi 

2 a A, Vis aa 
WS oo rin © 


3 Onna CO HR 


S nin Son rile r=) 
nia BO AN 1D OS 
BO rin 13 O ain 


eNO eN on 


Ha Oo 3 Hin © j=} 
CO DD xin CO 15 alr 
Prin © 1D nie © 
— 
Set 
xt 
N 


Pra cae So 
[eof ess at 
nin DS nia > rie rie 
Ha SP oS Sais 
Ale ieele aa 
Bodin dia rie ain > 
BS pasa So na x 
ttt + 
nin rin SD min > win 
HA AIA dia BS nin 
+++ 174 
Pp Sannin 3 
HIS is aie S ie S 
+++ 74) 
PoP Pain Din 
HICH Hie aie ss f=) 
++ $4 7 j 
Sp 3s DB dindia 


? 


(24g) uuv 


’ 


en ra 


Tle len cals ise Coletti 
at OO © rAinnin 
SO OW AA ria CO © 


SOS COnanin 
TIA Ot Ai it Ait CO 
Ot HIS Ait rice CG ov 


a! 


TAIN eo Caf jee ies he 
Ot RIN rie ict rice ie 
TAIN Olt CR Aiea at ee 


on ae eS 


OO rt O © ow 
Oo Wt O OS aot © 
dt OO at O © 


> 
| 
x 
NX 
4 
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TWENTY-FOUR Eautvauent Posririons.—Continued. 


(241) u04; z—u, 0, 7; 03%; 4, 4—U, 0; 
4 uO; i 3—u, 0; 403; ¢ 7; 0, 5 
07u; 0,4, 2-U; 240; 0, 4, 7—u; 
2; u+i, ie a 7~ 1; 33 u-+4, a; : re u+#, 0; 
Us, 3 - t—U, 3; re ri u 3; 3} wt; 0, #4 
3; re Moet 3; re : eat Z; 1, u 33 0, a; u a. 

(24)) ut 0; uud; u+3;, '—v, 3} $=; $—U, 33 
Oud; Ouu; 3; u 3 b=; 4, 3—U, $—0} 
DOu; udu; g—u, §, ute; 3—u, 7, F—-U; 
Gud; Ga0; u+}, u+d, 3; F—U, Ut, 3; 
Ou; ODO; 3, Utz, U+3; 2, 3—U, UT2; 
u0G; GOO; ut}, 2, u+2; utd, 2, 2—-U. 

(24k) u, 3—-u, z; u, u+3, ; u, cy, ve a, u+%; zs 
% u, =U; Z u, 4; . u, iW; rf t, u 33 
oa a; u, ut+3, re u; ¥—u, re a; ut+Z, a, a; 
utz, u, re 2, u, a; u-+4; u, y s—u, U, 7 
U, 4; Ue; u, 5 s—U; u, q; u 33 u, i; im: 
3 ut+3, U; z) su; U; z u+3, u; ati ou; u 

(241) u 04; U=-3) 4; rh 0, 0, z; id'4: 
2ud; © u 2; 3} re 5 Ape 0; 703; 
O7u; 3; a ut+3; 0, re $50; 370; 

2, tM, 0; i, > tose 33 ai VG sy 33 4 ug; 0; 
—u, 0, re: iu, 3, q3 ws; 3; z; u+4, 0, es 
0, re =U} 5, 4; 7; 5, a UPd; 0, q, u+i. 

(24m) u, ut+i, 33 u, +~—u, 33 u, ¢—U, 35 U, ut+i, 33 
By u, Uses; ® U, +—U; 3, u, 2-u; 3 U, +7; 
u+%, % u; i-u, e ti; ial, 3 u; WE ee 3; U; 
ut+3, i uU, 3 ay Wet, 33 u+3, u-4; 33 

3—u, 
Es) u+z,; tu; 5, 5—u, u+t; 3; ut+z, ut+; 
3) 3 
z—-u, a ut+3; uP}; 3 3—U; uti, ’ u+4; 
iu, "2 

(24n) u, 211, 33 u, u+%, ie u, ed, 2; u, =u; :; 
3) u, i= 1; 7) u, Urs; 3, u, u Z3 3; i, fu; 
tu, % u; Ua, 3 u; Were a u; toe 3; a; 
ut+3, u+d, 33 +o, 7M, ut+3, tort, 33 
7 1 pha 1 1 a 
8 u+z, U3; Fy ie ee 2 u+3, $—u; 

3; 3— 
ues; ss ut+3; i, % 7=U,; i \, 3; ney 2 
nt 
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TWENTY-FOUR Equivatent Posrtions.—Continued. 
(240) Ouv; OV; OUT; Oty; 
vOu; vVO0; VOU; vO0a; 
Uv 0;- 070; wt0; t-v.0% 
uOv; HOV; wv; ay: 
Ovu; OVE; OFu; Ovi; 
v.10; . 71 0;- tuO> vitO; 
(24p) guv; 700; Zuv; Fav; 
veu; 030; Vou; vei; 
uv3; O03; uv}; avd; 
USv; at; Wael” Dav 
$V U5. 900 FT Ul 4 a; 
vus; Fig; Pus; vid. 
(24q) uuv; ui¥; Guy; div; 
View, Yun, Yiu; vid; 
AV Oy Val a Os OV a: 
RON Way; Aa uy; 
Ve eevee VeUlbU sta Ve UW Us 
Uay Use svete Ul Valle WAL: 
(24r) Ouv; OV; Out; Oiiv; 
e One v0. i. Tor OU: 
Wy Oey Ov 0: a v0 
4-1, 2; 3—-V, u+3, 2; Ves; 7—U, 3) Wis: u+z2, 2; > ie } 
3, $~—V, $—u; 3; v+4, u+3; $3 V4, ca) op + ut+3; 
3—-V, +, Z3 ve, u+3, 33 Vita: aU; 3 cay u z 3 
(24s) u, 3—Uu, +; u, u+3, et ti, 3—U, me i, u z) 7 
= u, i: re u, u+3; ip u, 51; Zi U, Us, 
t=, 7e u; U3, re U; aru, 2 u; u-+3, 2; a; 
ete ee Oe es NL Ueto, z, We — Us 
Ce U, u 43 tj u, =a. qj u, u 33 + u, 5 ay 1; 
ut+2; z; u; +n, z u; u+%, z U; 4—U, 2 th 
(24) usu, 3; a /r+3, 49; 0,4-0, 7; 0, utd, 2; 
‘ u, uu: 72 u, eee a; U, 5-U; a u, u 
a, 4; u; cee t, ) 71, of U; Veer y 3; u; 
eee u, a u+3, u, i: as ua, a. u-+3, u, as 
u, te s—u; u, re u+3; G, ? iu, i, z Use, 
- +—u, u; - u+%, u,; re 7—u, a; a; u+4, i. 
(24u) uuv; uit; iuv; ttv; 
Yuu; Vu Tuu; vit, 
Mies Vile Vi OV; 
z—Uu, 7, +—V > 7, u+3, Veg) 3; bps Notas 
u+3, u+3, 7-5 
5%; Al, Z—u v+3, xo; u+9; v+3, u+%, 4—U;5 
4m Vy Women u+3; 
4—U, +—V, 5—-u; u+3, vt+3, 4—U; 5—u, v+4, u+3; 


ut+3, 3—V, ut. 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


TWENTY-FOUR EquivaLent Positions.—Continued. 


(24v) $04; 


(24w) 


(82a) 


(32b) 


(382c) 


© plo orn © wal who © elo oz © RIK 


AK ocne os c.ci aa ae & 


513. 20 
8 4 4) 8 
in. 2515 ote 
¢0; 23 toes 
le bes 0 2 
4 8) 24 8) 4 
3. 31i1. 1 ae 
O74; 372; 82 
10: Loi. 312 
BMS €:5 2% 48 
(le Be Oe I 8S 3 
48) 248) eT 
Ue eS ean al 
3): Z2Ti°~ 37°24 
8YV» 424829 4.8 
13. p eT Soe fers 3 
tt; 324; 07 
3. » es ae BE 31 
O07; $32) 43 
50: fe i Cm ae Sa 3 
§ 49 4.8.29. @48 
Bie SL des pare 
B83.) Oi Ie (om 
THIRTY-TWO 
. 1 1 
uu, u+2; ut+3, 
=, iy “hi 
uu, u+z, g—u, 
cic i 1 
RU ioe 7 Sy 
= A 1 py 
Ue ae ae es 
ay ay 1 
UU as as ae 
° a 1 
uu, 37 —U, ut+3, 
rs ; 1 1 
WUse us yt, 
3 1 1 
uu, ut+z, u+z, 
. Zl, ii 
uu, u+3, u+z, 
Cy Pe cy 1 1 
uu, U3, 9 u, 
a 1 1 
40 0 a teen 2) u+z, 
oe - 1 r 
uu; g7—U, 7—U, 
al al . 
ae a ae Uy adil 


atu; 5—U; 2—U, 


1 1 FE . 
z_U, u+z, g—Uu, 


ee a 
. Nee we we we we 


“ee 


owe Ne we we 
Ne wee we we 


loo lH Blo le CO Bio lH NIK Aloo wis C pico 


© PH Ol IH IR olor CO IH olen RIE IH oolna 


BIH Olt OO RH ole SIH RIE ln CO AIH lar lH 
Ol OO RIK ler lH I ler CO AIH Ol IH AIH 


| 
- 
eS cies gg 


"Wes feces ses 
=} 
. lH NI bol bole 
Seog = sigs 
| 


EQUIVALENT PosITIONS. 


u, u+3, u+3; 
u,’z—U, i , 
U, u+3, 2 res 
i, g—u, ut+3; 
u, ; ad ’ 40; 
a, ut+3, ut3; 
u, 3—uU, u+3; 
u, u+%, 7—U. 


= Z 

u, u+3z, jaa 

7 1. 

u, g—U, ut+z; 
3 Es 3 


aly i—t, i 
7, U-+t ut+ 3; 
reams toe u+7; 
(ome i ut; 
Wha bee li-F5 
i+, uth 2 
u+4i, Ut, i~@ 
u, u+3, U+3; 


& 

Se che oc - 
Be ar Fat 
wl 
= 
US 
= 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


Continued. 


THIRTY-TWO Eaqurvauenr Positions. 


(32d) 


oN ON anes 


rajcd. wn|co o2fao rjoo 16/09 
Blo. r9|00 wmloo 99[00 rjco 


on 


[co 1p|o0 g2]00 19/00 rjco 


ee 


roo [oO injoo ro o2|90 
rAlco cxico oo injoo Pc 
[00 09[00 rejoo wnjoo 10/00 


re oN AR OA HS 


B00. 2/00 roo in|co on|c0 
Eco cx\00 njoo c2|90 anjoo 
roo rJc0 roo o2|00 r|co 


a a a eo 


rJoo enjeo roo c2j00 r-|c0 
rlco Aloo roo ¢9]0 10/00 
rico cxjeo anloo an|oo o2|c0 


o- 


en|00 
m|:o 
mjc 


on 
en|co 
ro 
eo 


on 
r-|9 
rijco 
69/00 


on 


r|c0 
200 
rico 


on een 
Meo rifeo 
iwn|co joo 
rijoo unico 
aes, obo 
in|so 19/00 
eco 1|c0 
[90 v0 
ae AA 
nico ri|cO 
r-|c0 62/90 
colo r-|00 
aa, oes 
iajoo joo 
joo [00 
1a|a0 69/90 


marocg newt Slevin «sw etoe s SCa teres 
[00 en|co rij 00 Hilo loo r|co cola 
on]00 cp|oo r-[od c9[00 r4jcd 1njod r/c rdjoo 
on|c0 [co roo 1A|90 r\00 or\<0 F4[c0 in|00 
Sey Glgis Neu ayes ered. gi as web eee 
or|00 r-lcO rH[0O P4100 P4190 rod o2\00 r-loo 
roo roo 4/00 16|00 er|oo r-loo r4[cO roo 
Bfco on|c0 62/00 r[20 rico in|oo 4/00 1H /00 
TRA cas Sosnld nee lenis on 
[00 cr|00 19|90 19/00 rnjoo in|oo r|o0 cojc0 
roo r\o0 roo 69/00 in|oo ri[co 1/00 14/00 
r|co o2|00 wH]od r4]oO K-00 on\00 19/00 r4|co 
eA eK SE NR, GS Bin oes lee 
en|oo K-00 19|0 i400 an|oo rn|oo o2|90 mloo 
oreo 92|c0 anloo roo en|co roo 19/00 anjoo 
c9|c0 rJ00 ep|o0 B|oo 1n|od r4jso 19/00 r4joo 


(32e) 


bs 


1 
g—uU, U 
u, u+4, U+9; 
iD ara =f, al, 


a, 


u+i3, -—¥, u+i; 


—u, U, U; 


a 
2 


(32f) uuu; 


i 


4 


? 


=u 


. 
? 


1 nS 
u, 7—U, ass 


1 al A 
Us; u, g—U, 


? 


zu 


Ns 


4 


4-3; 


) 


3 1 
—u, U+3; ia et 


3 
+ 


s 


3 
4 


Wt, wri, Ut+ 


al \ Bi 3 
z7u,\g—U, UTZ. 


FORTY-EIGHT EauIvaLent PosItTIons. 


oo 


Od Ot ditt dis DO DS AIN D rAinein 3 


s be ae pes! ort 


ee) les IS ols AI lt lt i colt it 


& 
S 

nin 
Co per 

rit cold AIG colt COL CIM ISH IS ISM PASH cols coll 


ee ee a i 


lH CoH ait colt alt lt cost co| cH cole xt colt iit 


ee ors ee el CN a ee eS 
Colt Colt ait ait IN SIN ait ait colt oo) 
Se les [| as toe ae 
ria s S rin 3 xia ria 3 Sxinnin 3 


+1 1+ i++] 


Sxdindia 3 = fon} 

Pen te aes, (ens ee tc ROE. 
is 3 SD IM Colt IS oo] colt it ils 
At HH Ot Ht OM Ot ditt 1s OS DS iD 
colt Cot it it (SS DD colt rile colt ait 
Aer ICS CRN RCN ts ei re 
Sd 1D DS IM ON I OH ait ict colt colt 
He Ot dt okt ait dt ot ot Oi i 5 
id ait colt colt SIS ISS at lt it colt 


(48a) 


_ ols Colt colt colt = oalst 


colt SS calst colt 


AIA Ie rt 
BIA IA RI > 3 a rin mee 


>be b>. oo Sresancooodo 


nin r min ; AIAN FIN wis ric RAIN Ain 


dab b rin fe pea Rieke 


Oo Oo Oo oS nie s nia Ss Hin = wiles rales 


ct eft Bite sel Bike aed 


HA D> > nin Pxin Dain OD AIA AINA HA AIA 


ate «es 
S cole colst cols colt 


nin ria rie ria > ain din > 


oo oo 


a) Siow bh peo oS 


HIG AIA BIA > ri rice > HIA AIA Hin s cols 3 cals cals colt colt 
rile — > nia Ria Ss nin s nia 
pop b abel 


HA IA HA HI > din As eeu = a SHIN S Hin IA die RIN Ain 


oie a Be 


TAIN IN it at ist ai 3 ait 


dix di s isi 


Fee exten, bees 
ait SS dit ait ist it 
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FORTY-EIGHT Eq@uivaLent Posirions.—Continued. 


(48b) Ouv; 
(48d) uuv; 


112 


Pippa Ss Sea os 
oS ox | 
| | + Py Sor all 
diadia PID ID Pe DS DB rl 


ee ee | Bern eas Ore rm 
Weil? Nes ae 2 


dia > xia rin dia is b> os TIN ry =) i o 


Uae ey aa oe ie PRS oad A ee is YS 
RY es fet | ne Pages 
rian DO D> lot Viewsat tes SO Ose > win 


= fala a Biba So b e ced hes ae es 
Sprad past | spans z 
| 4. | | ots DB xia din Oo 30 wilca rile 
rier ric Sl ae 31D > Sg nie oS Pw SSE 
oe irs eerie oie is iin 
> is 5 > s din > DO rin die Hie oh nia ia 3 Oo 
| + | AIA dia DS Ais dia 3 i = oo ake 
oda Sais Ss tS S ia > S Ri 
ark nS my oF ES my | ‘i | die dic eee s 
ut se S| ee Pal rite ees ah =) ts) ae iS ries rile 
ee) i din Sadana Sob id a dis | nin so 
presen ss a8 Pete A Yn ait oe (ax! HIG ral ICN lea alex a leioxe) 
> Ss 2 I Ai IN Ren 
fHFESETEE ae 
Sop oo Paaaana mies een 
rie nis rie rile rie uae Sa ote So o 3 oo iS ios 
A bach se ett ee Os or Ol eee ae 
See S SF ees Sasso oO ONS Soloeea in 
ot 
o 
co 
a 
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FORTY-EIGHT Eautvatent Dearne = Conbiiued. 


3, 3) u+3; 0, 0, u+3; 04; 3 0u; - 
3; $-u, : 004; 0, 4- ay 0; 70 0; 
s=U, 3) 33 105; a3 0; 5—u, 0, 0; 
3, . 4-5 0, 0, 4—u; 031%; 307d. 

(48f) ut 0; u+3, $<u; 0; u+3, ua, f u, ou, 3} 
Oud; 2, uta, a; aU 3-U; 0, UT2, 2—-U; 
a0 u; ¥= 0) 3 u; 3-u, 0, u+45 u, a, u+3; 
uu0; utd, uth, 0; utg, u,$; u, u+g, 3} 
Ouu; 2) ut+?, ] 3; u, u 33 0, ut+3, [a 
uu; Us; * u; u+3, 0, u 33 u, oh Usa; 
ui 0; g—U, g—U, 0; $—u, u, 2; u, #—Uu, 33 
Oud; . g—Uu, a; op u, U0; 0, 7", 2—U, 
a04; + -U, 2; u; +=; 0, ru; U, 2 +—U; 
tu; a"; u+3; 0; 2, u, .3 u, u+s, 7; 
Ou; 3) 3—u, u; 3) u, u 33 0, us u 33 
u0d; O-3; :f U; Ushe, 0, su, U, 3, s =u. 

(48g) uti §; u+3; he ’ + us, U, 0; u, z—u, 0; 
2 ul; 0, ut+3, u; 0, U, $-u; 3) ut+3; 2—%; 
UzU; 3 u; 0, u; ;—Uu, >, u+4; UO; 0, u-+3; 
uudz; ut+3, ut+3, 33 u+3, u, 0; u, U3; 0; 
3 uu; 0, w+; u; 0, u, u 33 3 Ua: ut+3; 
u 3 U; ut+3, 0, u; ut+3, 2; u+3; u, 0, ut+3; 
aus; 7—U, z—Uu, 33 nou, u, 0; u, ise 0; 
3 uu; 0, rn, U; 0, U, $=; 3 -U; z—U; 
a3; #—u, 0, U; aro0l; 2) 7 UU, u, 0, g—U; 
ius; zu; ut+3, 33 sal; u, 0; u, Ons, 0; 
3 aU; 0, $—0, u; 0, u, U a5 5, ea ut3; 
ui; ut+3, 0, a; ut+3; 3 (ee Ue u, 0, a7 

(48h) u, 7, 33 u, uti, 3 u, aaah 33 U,\u » OR 
® u, $=; % u, Us; 7 U, +—-U; % Ua, uta; 
yeaah 3 u, u+4, 3 u; $=; 3 U; u+d ey U; 
u+3, JU, +3 al=33 u+i, 53 au, Ju; 33 5-0, utes 
Pe us, a7; $5 u+3, u+3; OE a Uy ac U; 3; peels Ua 
i>, 3, u; Utz; 3, u; au; 3, u; uti, g, U; 
u+3, 7-1, 33 ut+3, uti cs) 50, Pu, Op g—U, uti, 3} 
3; u, 2-0; 3, u, ut+Z; 3; u, 2-u, 3 t, u re. 
27u, ® ut+3; “+4, $s ut+3; 1 U; 3 $1; Mera, 3) pt 
u, i i 33 u, U-F 3; 33 U, Zu, $5 Me u+t,-% 8) 
® So Fir 7 pegs) 3; ut+?2; U-Fs; % + u, I—U; % bas utd; 
7 tee t 3, ut+3; u--4, 3 ut3; ZU, 3, t feokll uti, 3 8) z —u. 

(481) 300; 230; 203; 223; 
400; 240; 203; 273; 

. OF0; 320; 424; 073%; 

030; 240; 223; 023: 
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FORTY-EIGHT Equtvatent Posirions.—Continued. 


dada Sob S diana 
ARG cee es oe ee Sie ee eae oe 
PHINKINAIN DO HIN FIN DO HIN > dindin FP D dindinnin DO p> 
J z > t fe: s t Be die oe t Hada Odadia p> o oS 
en OS el Oe eae ee sei a istered ell 
— HIN KIN KIN KIN DHA Pp Hin b> DBD Orin & DO Ain ain nin 
<ontath owt] mate. S| an Bae ent Ss 
3 Prin S AIA Lig Ie 3 TICS Leg & Bdindia SD rin > 
Lal PAT pepe see = Pe  lot= Seat ten Lee 
dA dia DS Hin din > HIN > ain DB aindindiNn P D dia OD din din 
Hadianda > oo fF 
ee ee Ee ee a es ee | 
OR HINARI KIN > Sain > SD dindindiadian PD OS din dia din rin 
Ot HN colt cht ole ake lee be ho] ite eet ~+ + ee a Pt: Bene ee gs meee 
FIN len lee CO cols cals colt coi > Recor 7 sey > Ss ey if fe 7 
DSIRE SHE I I I Dee IG rile te eS ries wiles ries cs 
eee antae ns tee ec oE Ss om Pa Se aa ee ee a ee ee 
CoM HiIch cake cal cole cokt cites CO 3 nia ia ie ‘i dia FP DO dis cis nianiandia OB DO Pp nies 
SCO OC ain 4 Ae A a goa 2 ee] + ebb ep oe eae ane sie 
FIN Ree colt lt Hi colt colt qa > D5 HE Hie ne HA diadia Bada > OD > BaAindinnin 3 
BENNO Re De EDS Ss eS Pp PSPS Se Ee ST 
HA dia dia Oo atateotoe SOP OPpmDrmOoPOop FP Sm Pp SB bop 
HHA oONet HAO ave OnMm Smo PpPOoO Pres opm rp epee sp 
Pe pw ROm PE SOb MOR SOF SO Ff S Se eo ee 
COO AaaeNteNeNoN DOP OP Bs OP OS B38 3S} eS bh ip 3D 
OC dt#aet Odiaeatrt OP Sep OpreorpriewesaoPreseaPrrAartHerYp is 
= ad 
io) co 
= a 


SoS > aie ni 
LEE RS SRS Pats Sages So 
NR FS ee | ee ee 
SHin din > rin 5 eae 1 pales roe gow 5 Ese 
iit tdereed treme 
=i = asa S Ss! =) HR IN ie IS it S alt aes 3 colt 
Fc] Sup ico, ate Be oe 
Prin DO DS Hing a ag ae Saas 25 

- Se ne Sahl SR cee 
SAIS rica rie si Pre, % i i aoe a acre 
[itil beggette sich 
=i es = ee: io ot 3 Sid of s At iN dle OO Rit 
Etta a eg so eeeeres ee aay Regen 
ee ee ee 
So oDdia Sa a I FS ig DIS gg NID oy nin 
al oe g ts t ee i) =) = is di : i=) let rea nisi ss 

patel He | “a oem 
ca en ening DOA dia Sot is a S oi as 
3 is P Dp s 


So 
3 
Piss 


eNO eN 


e a ie z a = nist nie = nist nin S colt s is colt Ss is 


Bi HIS Ae 5 a a pe) glee | 
=) colt miles 

b B + + | | 

eS > 3S 5 OD at ID AN RAIN RIN ID cold 


(481) u, u+3, 
1 
4) 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 
FORTY-EIGHT Eautvatent Posrrions.—Continued. 


nN oeNR en 


alo ot 1S 


cares tp 

eae (ac 
ajay (2100 rH 291 colt fed mH iy “OP 
As yi s rie es colt ea + ae s s 
aad Og raitare cagA ou 
S coloo colt S910 Dy pilco coy DS MS it 
ren oS mete s 
Bie se Pines erent) 
— if laa a = ‘oe ee a DS xin 
Set 3 ie ee 
Las Pl eens Pil ne 
rit 1 fm fp ee} Sl bel 319 dit Cola 
TE te ee ae 
ID Hoo Ait Hin elo IS rn\00 S din jo OD 
(60, S rie Bey 6 Ss 3 
sof iene ely peice ei ene 

Hort o oO ro ood 5 
BS Ty dit 5 a | lst rie 
et JO ile ies mf00 ii colxt EI ait SF cnlco 
boeehehos ake 


++ 7 ae lay Hoe | 


=i Ho DO OD rio 28 r=} r|00 eat ea rico ltt 


SIX TY-FOUR Ea@uivaLent PosIrTIons. 
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5 sae = oa rn 3 3 3S rin Is = 


u 
u+ 
aa 


n 


na Sa Ss mics H oS xia ==) 
> rt | = His s o Eh nie 3 xin | a3 ries S 
eee ee 
Posne DPOB an Ss Sip DS odin 


Ie = oN ON oN ON on AN 
fiaiggin eget ses 
La} rica dia Ss din 3 | sr Ss is | a _ 


pee en ae 
nis 3s Sin Soa ood S Hin a = 


[> Pea oe LSS Le 


Ha BS an oS Sop is SS rin 


oS 


+ 
| anes oN oes NON 
ee] Bris S nie 


nia rile o Ss wt s wea 2 iS 
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ips Ha oS Soda oS oS ain rs a S xin 

> Es pe lee eee eee ee eh Ge 

ig an Srais S dee Ooo aa o 
eT a Ha na 

p> rity ye Reece gM eo ae ie 

i Ai iar DP rin Sh DS nica 5 

me ako ee eet 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


SIXTY-FOUR EquivaLent Posirions.—Continued. 


(64b) uuu; utd; Gut; tutu; 
+—u, oe r— 13; u+i, ail, u+4; +—u, u+i, u+4; 
utd, u+, +—u; 
2—u, $-u, }-u; 2—-u, uti, ut}; uti, 7-0, uté; 


(96a) 


uté, ut+i, 3 Y re u; 


Utd, u+3, ut+z; g—U, utd, g—U, u+3, 3 g—u, 7—U,; 

: g—u, 7—U, Wr 
u+z, u+3, u; u+3, +, U; $—U, ud, a; 3—u, 3—u, u; 
’ ju, u, u+4, i=, u-+t; f—1, u+-3, u-+3} 

uté, u+i, Sa. 
rages +l, r sph 4—u, utd, u a; u+t, 4 4—U, u+4; 
u+t, u+i, 7—u; 
u, u, ut+3; u, u, +; u, @, 5—U, u, u, u-Pee 
u+?3; u, ut+3; ut+3, f/4—u,; , dapat U9 ru; u, ut}; 
a ’ +t, co, u+i, ay Loe a u, u-+-4; ud; 
u+i, u+4, i 
tou, $-u, d-u; dou, utd, utd; uth, du, uth; 
u+4, u+i, rea 
u, ut+3; u; U, ut+Z, a; u, 7-0, u; U, cu, u; 
u, U4, U+s; u, 3—u, aay u, ut+3, + Us i, +0, u+4; 
Tw, eh Zo, crane aU, 4; til; ut 7, u+%; 
ut}, uti-i—@ 
1aU: au} recat 7-0, u+Z, US are: u+i, 2—t, u+3; 
ie wee u+i, Reed! 
ut+3, u, U; g—U, U, u; u+3, a, a; o feaY U, u. 
NINETY-SIX Eaqurvauent Positions. 
On ve- O09." -0 ave Otho: 
v0 a3 V0 Oss we One 
vO: 0.0; 8 wiv Osea: 
DO; u0v; Lov “Og: 
OF G> Ove Ov te Oy 
vyuO™. vu0s ya: -v ng; 
op ut+3, Vv; 3 +—U, Vv; 3 ue Vv; 3) g—u, V; 
Vere 2; u; eV; : U; Cee 2) u; v-+4, 2) a; 
u+4; v+3, 0; Ul, Np 0; Cie, | Bae 0; z—U, v4; 0; 
+=; 2; V; ut+3, 2) V; $u, ;; Mis u+3, 0, V; 
3, t=¥N, a; 2) Vie u; 3) Mie U; 3, +—v; u; 
i ’ 4-4, 0; v+3, u-k4; 0; v+3, +i, 0; $—V; ut+3, 0; 
3, U, VAs; 3; U, +1; 3) u, $—v; 3, u, v+4; 
v+3, 0, Ud-33 $y, 0, +—U; +3, 0, ues; v+3, 0, +—13 
ae Vv; Md beagle V, 33 WSs Vv; a 2—U, V, 33 
ally 0, 3 aiales u+3, 0, Toe +> 0, v+4; u-4, 0, 4%; 
ie Vv, ‘or 4) V, u+3; .; Vv, 4—U; 3) Vv; u+3; 
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NINETY-SIX Equivatent Posrrrons.-—Continued. 


(96b) 


(96c) 


3-V, u, 3} 
Q, u+3, V+9; 
V, 3, U+9; 
U,Lv4-3y 83 


eS 1 . 
Vx 3—U, 3-4, 


IH Ne bolle 


3—U; 
u+ 

+3, 3, ut3; 
¥, ut+%, ut3; 


tol boll Loft 


< 
+ 
bol 
™“ 


wie 
fo) ve! Se o< Sic 


I bole 
| 
xs 
[= 


V+; u, 3} cy, U, 2; 
0, utd, 2a 0, 3 u, v+33 
V, oH ut9; Vv; 3; += 
u, 3-V, 33 U, v+3, 33 
U, 3) vt+3; u, 2) ae 
0, vV+4, 3—U; 0, 4—7, ut+3; 
Vv; +—1, 33 Vv, u+3, 3. 
z—U, Ua. Fett 5 earl reg 
Soke 4-0, u; v+3, 2 u, U; 
ut+3, 3 v, U; iz Bare 
eu, ut+z2, V; utd, ut+3, Vv; 
ut+3, v+3; u, Lite a5 3 v,uU; 
v+3; s—1h u; 7 Why U+s, u; 
Z—U,U,F—V; z—U, U,VT3; 
3— ; a, u+3; v+3, Ua, * U; 
ut+3, Vo Uy ie ) V,2 u; 
3—U, U,v+3; U+z, U,z—V; 
u+3, Vv; pmol u+3, Vv, Un-ae 
v+3, u, ut+3; aN; u, Uay; 
u, ut+3, ea U, peal vrs; 
V.3—U, u+3; V; aay el; 
u, eV peas TAv-F es, moe 
a, u+s,v+d; wuts d—v; 
u, v+4, z=; u, PSY; u 35 
Vv, 3—U,uts; V,ut2, Ut; 
ui0; u+%, a, 3; : 
Oud; 2, U, 2—-U; 

u0u; 4—Uu, 0, u+4; 

au0; 4—u, u, §; 

Ofu; 4%, G, u+9; 

ud; ut3, 0, :—-u; 

Seeeh ia a u, ut3, 0: 
4, 7—u, u+3;. 0, 7—-U, U; 
ut+%, 3, 7—-U; u2d; 

u+3, 3—-u, os u, a1, 0; 
2) u+3, aoa; 0, ut, u; 
$—u, ;, u+3; Ti 3 U; 
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SPECIAL CASES OF THE CUBIC SPACE-GROUPS. 


NINETY-SIX EqQuivaLent Posirions.—Continued. 


(96d) 


(96e) 


u+z, u+z, 0; 


uh, u;" 0, ub; wes 
u+3, 3) u; u, :, uF}; 
+—iG g—u, 0; U, 4—u, Z} 
+—U, 2) U; U, 2) 4—u; 

a; Z ~u, U; 0, 4—U} +— } 
a0; ¥—u, 2, 0; 

0, a, 4-—u; Zi; 

u, 0, +—~u; 4—U) 0, U; 
uu; u-+4 ;'0; 

u, 0, utd; uty, '0f'u; 
Oyu; Us; 4 WH; 

Uvt; 4—U, 4—-Whe, 

piv, CE. =u, Fv; 

VEU; §-V, t, Bou} 

VG 25 VE) U8, Ss 

wey +o; gd, ves 

$7 5d, vAby, was 

Ww $) Fay V9 2; 

Zuy; q, su, V+; 

Vit U; v+3, 2 5=u; 

va t50 Fv; utd, 2 

ai; uth 4 4 oN 

ivi; x, ay, ite 

tiv 4; u+z, 3—V, as 

Zuv; 4) W4+-4, is aes 

vit; 7 NX, i, u+3; 

Fudd; V5, 2 u, a 

ugv; 5, 4) v+s; 

iV¥U; a Wars, z—U, 

DV EY we Ve 
Payee, wee V+; 

Via BW; avg ts ut; 
vuit; +— ) 7—u, re 

WEN SMT SV; 

ZVU; a av; su; 

vuy; ut? Sauvy; wu 
VUUL Vw ov wu? vo a 
uvuy! DU; Uva Tv OF 
zu, gusty; utiles 
au, tv, -u; Z—ujiv+ 


1 Ba 
u, U+?, 2; 


u+3; q~u,/0;. u, 7—-U, 33 

2) ut+3, U; 0 u+3, *-0; 

Z—U, 3, U; D, 3, ut3; 

4—U,; ut, 0; u+4, 33 

q; z u, U, 0, Fag ut+3; 

u+3, 2; U; u, 3; ‘= ; 

au; z—u, u, 0; 

0, G,u+z; 20Uu; 

u, 0, a Ww; u+32, 0, U; 

ui 2; u+3, , 0; 

0,u,7—-u; Zui; 

i, 0, u+%; %—u, 0, u. 

re u+3, UE, z} u, $V; 

v+%, 7, u; v, 4, ut?; 

z—u, 2,0; 0, 4, v+3; 

e $V; u; a Vv, oe ; 

/s ut, Vv; zi u, vt+3; 

4, 2 uv; 4; ut+3; 

"0, re V; u, z, ¥—7; 

:} NV. z; a; a Vv, 4-u; 

:; 3—u, Vv; u+3, Vv; a 

v+3; 4, U; rv, u, z 

ut+3, 2 ¥; utz, V, 2; 

4, 9—v, us! v+3, 0, 7; 

ms 3—u, V; +<-U, Vv, a: 

a7; a u; z-V, u, :; 

ut+3; 7 Vv; : de v, ai 

4, V+3, uj; ‘v+9, u, 4; 

it u, aV; U, 4~¥; <3 

Vv; :h #0; Vv; u+3, # 

u, 2 v+3; a, ¥-+4, z3 

2, V, U+3; ¥, utd, 49; 

ry U, vt+4; Uu, 4-Vv, +; 

Vv; + 5 se Wo 3—u, 3; 

u, 4 7-V5; u, v+3, a 

4 Vv; u+3; u, $—-u, }. 

Ui We Os aE, Ves 
u+%. u+é, i— 

OE Gir Ce uke ore ir 


i+, Bleed ir u+4; 


= 
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NINETY-SIX. Equivatent Posrtions.-—Continied. 


(96f) 


1 
4 — My 


u+2, 
v+%; 
u+%, 
3 


1 


eto 7 U; Wel ts uti, 27941; Wied, ae U, utd; 
¢ Usd) U4; 
ut+3,v ut+3, $ Uj Vv; 27—7U, Mars; Vv; 7: u, 7, v5 
u+3, u; #- V5 ut%, U; o V4 2 U, U; aa 7 Uy u; 
V+3; u; g—U, 44, U,; u+3, $V, U; —u, vs U; 
#-u, Fev; utd, tou, v4; gu Uhr er 
Oli; uth, aay: 


3 1 . 
f—u, dou; vt 
1 1 + 
u, V+3; ut+?,; U, 
Auf 1 
U, ut3; a Yy Us 
1 1 7 
Vv; ut+3; g—UuU, Vv; 
us 3 . 
an Uy av; i 
1 3 3 
ees as yi 
1 3 
eel tee Yt 
pA 1. — 
u, U+Z, V2; 4, u 
1 
2 


2 | 
ey 
Vv, U+9,u+3; V,u 
UVR U+F;) 0, 


+=; ims ze-V; 

7-1, Sivi Fu; 4 

¢—v, £-u, $—u; 

u, z—u, 3} u, U9, $5 
3 u, ees 3; U, utd 
=u; 3 u; u+d; %; u; 
u+3,; iw 33 u+3, u+4, 33 
gut2,2—-U; §, Ube, UTS; 
rots 3 u; ut+% 3, u; 
u+3, +} 33 ut+3, UZ; 33 
3 u, i> Uj 3, u, Wgees 
i-w % ut+3; ured} 3; ut+3; 
u, 4—u; 33 u, uit, 33 
® us, {#U; a u+3, UF a 
7g) a us}; urd; 3; U-s3 
4—U, U, 33 ut+%, U, 4} 
u, @ Z u; u, en Utd} 


o-7, vi, Uset; 


v+i, Us. rte 


u+i, VE Zo hs 


wha Votes 
#, u+9,:t-u; va & Ue 
pervige 7, us; 
$+; 25 Uy Up ae Vy $s; u, Var 
$=U; 7—V, U, u+3; Vos, tn eu, 
wees Ute, ¥, 0 9—U, v, 3-0; 
Beau, V2 geM uti ves; 
WEY, UT, Vv; 
u, v+i, UdaT; Wika Vara tals 
Os, SV; Us, 
iy u+%, 2; ved, 4—Uu, us; 
Sav, Ubi us, 
a u, u+3, eaV; a, 7—U, v3 
ou; ¥, ou; u+3; Viger i, $—U; 
ut+3; U2 zo } a, v+3, zu; 


Waves 
Lea, uaa eens 

uHs, cae tu, 
User) a aaa Ura: 

v+i, iu, u+?2; 
iV, utd, utd. 


U, +>} 33 U, uka, 33 
e) a, ae U; % U, ey ee 
aol a U; us} 3; 3 u; 
3— ty i+ u; 33 7a, Ua; oe 
= t aalts Zu; 3, cu; Ure; 
rom 3 U; u+d, 3 U; 
$—u,+—u,'3; 4—-u, u+3, 3; 
3, U, i= uy = U, Us as 
3—u, 4 $—-U; u+i, % 3; 
U, ou; 33 U. Mctas 2 
3 2HUu, 7; 3 Cpe us: 
7—u, pe a7; u+, iF Si 
2; u, 3 Us; u, 53 
ah isu, G, F. u+G; 
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NINETY-SIX EqurvaLent Posrrions.—Continued. 


enn on on on & 
. ee ee on . 


I 


Aloo 05H an|oo 3 nw 5 joo elt an|oo 

; +; ety n a th Ce hey em Serre 
3 a Ss - i oil 8Ie0 . gi mies cles ees, TS CM Coe OM CM SS cat ria eit el dit ot nies SS aloo alt 1S ish a4 is aan | 
~ a wn = x a e n aa bal) 
i miles wels0 ee nia 3 Pi TO estas ool He So 5 x = ay cash cash at % Ht a SD nis 2 ey oc a z " uae pk 5 5 miso 
3 oN s Bott ais f ns rile ries Lor sis soa co | aa oS paw 
=) S din din dino om ns cost colt Ss ost nit dist ris So — a = PP as ae ae IS 
~t 1 I+ Wat 7 rile rien ae \ + sip tjloo ie ee ease oA + 


tall eS 
OS rice ld SIS ao Hino SID OS SOO AMA it DS A IS ct cole coat colet cola ah rie 3 ae rilea tea 1D Hoo SS rin nio DS Hien elo 


we = ee s s on nw an on on 
Soleo leat | ass Ee eee dew ap ie 
<4 wilt “agi nie ® ei tt rien IR rales rie s cals caist cost cast s Olt iH I ii iit TO Kitt CO o Bee i es | im Ss Ss | 
Paine DS dina SIO no oS soo mes. S at ait ie | Fr cole colt colt Paste oS | t\c0 | oe papell i 
Pak oT pa SET POS Oe eb ee io gee 
= ~ 2 Md -~ =, 3 ee ey roe on EN On n~ ~ = ~ 
ais colt solo cole : 7 rit + ; = ~ oor” if TH nist if we ow colt ols 3 rin Ss oF” nit lad 4 a 3 7: if 3 ; 
7 = bee Fe AIS IC rie rije9 

[50 coleH pen c2/30 rijst ITS 1H|50 col HIN 0 DS HIN AIN AINA HIN Ot Ot ot Dot otdit Sate dt OO SID OO 13 112 rift ralca ©2100 ea|<H elon cojao eos 
ee er a ee roo east jo Hin 
on ~+ oe ~+ sot + tN eR eR en te es pis ps ai 
St ieee ce eo aes ee i eee sa eS 
C8 my ey Ie FP aSagrensna D cajsh colt cols Fl as 2 5 cals 2; 
fiey apaemeet | opie eee pf os eee a 
aS = = a“ a Es es ~ r on on on on = n~ wn wn nw na 
5 A OE ahs Tg Fy rte FO cain SF cart coh SIM cain mF rahe mais HER HEY rien tle OS OS ry op ah Eta 3 
= bE BE LT es | + | + BBOO FPSH HTT 
Spee 5 sro DS Solo Orin LAIR PAIR PAIN AIC colt cols cosh SS ofS CS rit ist Hirt OOs BOS Sos Sao So on|e0 (am 
Ho Ski i io Sunol 
a tex: 3 ies Caen 8 rjc 1990 rin 
- Es | 5 oe s oe | + a or iy on oN as ns ": on ~ ao a 
at are ire i = aces ist it it it ft ai Colt colt cold colt 2 - re rien rics rics zo sSroso Ff Bo Soa 3 
= Ae septs Ol ok Mee Mek és (Oana eae el eee 
aaa aa r ae ; Seo eee r PP i} cols cals - ee 3 “2 if AIG jes =) if rile 1 colt eifea 491% pilt caja rico 
DS rin SS wa rile [=p laste) fem: ! 2 eit 7 a Pn Ro ihn el, oe 
Al fi MF aie PS on eo P Ptas Poe 3 ofa sh Paid o a eal ; 
Food DS wont Doo Suro SIO OO CO aie it dat OD ean rit colt TS colt cost colt cols ria rie S xl ria rile ‘ess loo dit 3 r9|00 ot wal colt 

“eh ee 

3 ra) 

Se a 

—S 
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NINETY-SIX Equivatentr Positions.—Continued. 


u, #—u, =. 
3) ut+3, i—u; cm u+3, u+4; 
—u, ¥ u+3; u+4, +, u+3; 
—u,u 3, $; u+4, u+4, 3. 
) im J—u; u+3, 3; u+z; 
$,u+4, ut}; 
UF. U, 3 
Wty U2; 
#, ut§, u-+3; 
UF; U4} 
ut+3, % u+§; 
aS at ee 
MS Oe ae 
ee Une lrtss ; 
Peer ete 


Jt col 


4 


oe 

el 
| 

e 


4 
3 
+ 
u 
5 
8 
1 
re 
1 3 
aoe ee, 
zr 
8 
3 
4 
u 
5 
8 
1 
4 


3. 
—U, 3; 


Ico 

Fe |" 
he 
tole Pico 


| 
& 
Soleo valet onjos 


7 


Pleo 
tole mlco | 


| 
[a3 is 


Ate 

f=} loo = 
ee i 

ra = ale 


| 
= 


| 
= 
t=] 
ae 

| 
fa 


‘ |- 
eel 
et fee 


~~ 


Colt SI IH! Colco nal HAlo9 colay ES Hl anos Dale wales HAIR! Colma fot 


mleo oles 

- IH 29 
Seyi 

ene ee 


~ 


A. TETARTOHEDRY. 


Space-Grovp T!. 


One equivalent position: 


(a) la. (b) 1b. 
Three equivalent positions: 
(c) 3a. (d) 3b. 
Four equivalent positions: 
(e) 4a. 
Siz equivalent positions: 
(f) 6a. (h) 6c. 
(g) 6b. (i) 6d. 
Twelve equivalent positions: 
(j) xyz; xyZ; XyZ; xyz; 
ZXY; ZXY; Zky; ZxY; 
y2x; zx; y2X; yz. 


Space-Grovup T”. 
Four equivalent positions: 


(a) 4b. (ec) 4d. 
(b) 4c. (d) 4e. 
Sixteen equivalent positions: 
(e) 16a. 
Twenty-four equivalent positions: 
(f) 24a. (g) 24b. 


Uy ti 2, 43 
bg u+h; 
u-rd; 3, peut 
uth }—u, f 
s—U, op ut}; 
$, U+ds9—U; 
utd, O, 3; 
a, 3, u+2; 
3) U7, 
utd, U, 3; 
pel, 3 ut+3; 
8 ut+4, a; 
U-Ed; +, oe 
a, §, ut; 
8 U+g, O; 
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Space-Group T? (continued). 
Forty-eight equivalent positions: 


th) xyzi" ” x97; eyes yz; 


ZXY ; ax¥ ; ZXY; ZRY ; 
YZXx; V2ZX;5 YZX} VX; 
x+4, y+, Z; x+4, +—y, Z; + —X;, y, 
2-4, X+4, y; $-2,x+4,5; 4-24 
y+3, z+3, xX; 4—y; 42; x; yt+3, Z 
x-+-4, y; +4; x+4, y, 2; 4—x;, ry 
a3; XFS ABR Fy; a ae 
y+4; Z, Xtr#; 4-y; Z, xX-+-4; yt+3, Z 
X, y+, +4; X, gy; +—7Z; X, Ni z 
Z; x-++4, y+3; Z, x+3, 4-3 Z, ‘5 
y, aks, +8; 9, 4-2 x4; y,4—2 
Spacn-Grovp T°. 
Two equivalent positions: 
(a) 2a. 
Siz equivalent positions: 
(b) 6e. 
Eight equivalent positions: 
(c) 8a. 
Twelve equivalent positions: 
(d) 12a. (e) 12b. 


Twenty-four equivalent positions: 
(f) xyz; x¥Z; Ky; Ya; 
axy; Ex¥; ky; aR; 
YZX; YZx; yZx; y2x; 
x+3, yt+3, z+3; x+4, +—y, 7-1; 
+3, xs, y+; 3-2, xs, 4—Y; 
yt+3, Z+%, X+3; 4—Y, +—7, Gee 


Space-Group T*. 
Four equivalent positions: 
(a) 4f. 
Twelve equivalent positions: 
(b) xyz; x+3, 3—-y, 2; %, y+4, 4-2; 
uxy; 2%, +9, 3-Y; 9-2, % y+h; 
y2x; 4—y, 2, x+4; y+4, 4-2, 5; 


. 


“ 


. 


. 


+4; Z; g—X; 7 Y, 4; 
ee, yo Zz+3, 4-3, y; 
—4,%; 7 —Y; Z+3, x; 
,-3; 2—X, y; Z+3; 
yt3; 2+3,%,2-Y; 
ee ay; Z,y—X; 
»FO2 5 a=; a+4; 
Y+3; %2-%,2-Yi, 
4—x; ¥,2+4,3—% 


1 — . 
ime SRA, a+; 
2+3, Spee y; 
y; 2+3, $—x, 
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Space-Grovup T®, 


Eight equivalent positions: 
(a) 8b. 


Twelve equivalent positions: 
(b) 12c. 


Twenty-four equivalent positions: 


(c) xyz; x, ¥, 4-2; $—x, y, 2; %,4-y, 2; 
UXY; 4-2, X, ¥; -%,4—x, ¥; 2, %, $y; 
YZXx; y, 4-2, Syeees Z, 4—x; +-y; Z, X; 
x-+4, y+, z+; x+4, 4-y, Z; X, y+3, g—Z, 


4-5; y, z+3; 
Z+3, X+3, YR; 2, x49, 9-Y; 3-2, &, y+4; 
2+3, Cheng ys 
y+3, a5, x-F4; ry, Z, x-+4; Yrs; ts; X; 
y, Z+%, 5%. 
B. PARAMORPHIC HEMIHEDRY. 


Space-Group Ty. 
One equivalent position: 


(a) la. (b) 1b. 
Three equivalent positions: 
(c) 3a. (d) 3b. 
Siz equivalent positions: 
(e) 6a. (g) 6c. 
(f) 6b. (h) 6d. 
Eight equivalent positions: 
(i) 8c. \ 
Twelve equivalent positions: \ 
(j) 12d. (k) 12e. . 


Twenty-four equivalent positions: 
() xyz; xyZ;)-XyZ; XY; 
aXy; @xy; ky; ay; 
yax;. “Y2X;° yz;  Y2x; 
KVZ; kyz; xyz; xyz; 
ZY; XY; ZUXY;  2xy; 
SEN- yu; 2X; «= Y2X. 
Space-Grovp T3. 
Two equivalent positions: 
(a) 2a. 
Four equivalent positions: 
(b) 4d. (ce) 4e. 
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Space Group T? (continued). 
Six equivalent positions: 
(d) 6e. 
Eight equivalent positions: 
(e) 8d. 
Twelve equivalent positions: 
(i) sia (g) 12b. 
Twenty-four equivalent positions: 
(h) xyz; xy; XyZ; XY; 


Space-Group T. 


Four equivalent positions: 


(a) 4b. (b) 4e. 
Eight equivalent positions: 
(c) 8e. 
Twenty-four equivalent positions: 
(d) 24c. (e) 24a. 
Thirty-two equivalent positions: 
(f) 32a. 
Forty-eight equivalent positions: 
(g) 48a. (h) 48b. 


Ninety-six equivalent positions: 
G) xyz; xyZ; yz; Ya; 
EXVse EST ye Xie eee 
Vex; exp Pye eves: 
S973 VS Xy2i0 oxy see ya: 
ZRY 5 ZRY 5 ZXY; ZXY ; 
¥aX; yex; ” Yum; yix; 
x+3, y+3, Z; Xs, $—-Y; Z; 
is a eS 


2 
yt+3, Z-+34, xX; ty, +=; x; 
y—X, 5 Y; 2; +x y--4; Z; 
2 — 4, 3 X,Y; Z+%, x y; 
+-Y, 3-2, x; yt+3, z+, x; 


z+3; x+4, 4—y, 2+3; 
x+3, yt+3, 4-2; 

y+4; 2+4, x+4, 4—-Y; 
4—Z, x+, y+3; 

4—x; 4-—y, 2+4, x+4; 
y+3, 4—Z, x+4. 


+—x, y+, Z; $5 $=; Z; 
42, 73; y; a4; 42% y; 
¥+3, f=, X; +—y; 2+3, x 
ey sy, Z; x4, Yee, Z; 
2+4; x+3, y; s—4, Xba, y; 
+—y, 2+3, x; yt+3, haat x; 
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Space-Grovup T; (continued). : 


See; y, 2 33 xt, y; + Sas =, Y; el 2—X, y, 2+4; 
2+3, x, yt+3; 3-2, X, ys $— 3 x, y+; alt ’ a y> 
y+a, Z, ae $—-¥,4, 374; YZ, 4—x; Fy, 2, 9-5; 
a Xx, y; a= 4; PSK; y; 2+3; Sa, y, a+3; x+4, Y; 3-2; 
g— 2, & a~ 3 a-+4; X, y+a Z+3, X, ey; g—4, X, ‘eaab 2 
+= —Y) 4; 2 —X; yt+3, Z, $2; 3—Y; Z, X+4; y+3, Z, ee 
x yt+3, Z+33 xX, 3-Y; $—%} X, ves 3-2; xX, a—Y, Z+3; 
Z, a y+; Z, x-+o, =y) Z, +X yrs; Z, DearS BY; 
Y; 2+3, a ¥, 4-2, x 33 Yeo S20 —x; y, Z+$, 2 g—X, 
X Yy}i3-3; X, y+, z +; Soa"; as Xx, ¥+ttae 
Z, i 3iG-y; %. $—Xpey 33 Z, X+3, 3—-Y; Z, xe y+; 
y; $5, $=; y; a+3, 7%; y, 2+4, <7; y) oe aS; xy 
Space-Grovp Ti. 
Eight equivalent positions: 
(a) 8f. (b) 8g. 
Sixteen equivalent positions: 
(c) 16b. (d) 16¢. 
Thirty-two equivalent positions: 
(e) 32b. 
Forty-eight equivalent positions: 
(f) 48c. 


Ninety-six equivalent positions: 


(g) xyz; XYZ; 
ZXY ; ZXY ; ZXY ; ZXY ; 
YZXx; YZX; YZX; YZx; \ 
x+3, Vige: © Z; x+3, a); Z; aS, yt+3; Z; 3—-X\2-Y; Z; 
2+4, x+3; Ne $k x, y; aoe, 7%, MW Zs; 3x, y; 
y+2, 2+3, Xx; 4+Y, 4-4 x; Sap y= 2; X; aan a2, X; 


x+4, Y, Z+3; x+3, y; gas 2—X,Y,27—-2, 2X, ¥, Z+3; 
2+; Xx, y+3; +2) X, 3 oe +2, X, Aa Z+%; X,2—Y; 
y+; Z, X+3; aay; Z,X LP y+2; Z, — ; Sar Z,y—X, 
x, yt, 2+4; x $-y, 3-4; % yth,9-4) % 2-y, 243; 
Z, Ro, y+3; Z, Xa-9, ae Z; +=; y+3; Z, 3—x, 4+—Y; 
Y> a+%, x+9; y, 32a, X--33 y, 7-4, Xs y; Z+3, Ee 
Fonk,0e ean, +2; Z } gre roy; baa 


- Za Gece A 
7-2, cane as 
¥y-}—z, 4—x; y+, 2+4, i-x; i—y, 247, x44; 
y+4s 2=2, Ras 
a3; Z—J, +2; i—%; Niger e Z+¢; x+i,4 4% Gat; 
ES yds 2a; 


1 3 pe 
+—2, tte 7 Ser ie) a4) 4—X, y 
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Space-Grovur Ty, (continued). 
te 7K, 7 oa 2+4, f-%; yer-3) a+i, x44, toed 
1s x44, y+4; 
=i 1%, b=—x} ye: a+4, i—x} 7-9 z+4, b te ot 
yt+i, fz, x+4; 
t=%, ry, i=z; Tot yd; oe x44, i=-7; a+4; 
| x+t, ytt o=2, 
$=-2, 2-3, Pays 2th tee) eri ee 
> oot x44; y+i; 
i—y, }-2, 2-x; ytd, 2+4, 3-x; d-y, o+4, x+4; 
y+i, 7 Zi x+7; 
+X, $—y, $—Z3 4+—X, yt+i, a+4; x-+4, i—y, +4; 
x44, Yh 2 
a %, i—% ay; zs, p Seow? b he Z+4, x47, i—J¥; 
i-=%, x+4, y+i; 
vers oe wr rene r wae 2-4, Ss a 5 
y+h, $2, +4. 


lH 
| 
— 
leo 
| 
N 
loo 
| 
* 


Spacn-Grovup TP. 

Two equivalent positions: 
(a) 2a. 

Six equivalent positions: 
(b) 6e. 

Eight equivalent positions: 
(ce) 8e. 

Twelve equivalent positions: 
(d) 12a. (e) 12b. 

Sixteen equivalent positions: 
(f) 16d. 

Twenty-four equivalent positions: 


(g) 24d. 
Forty-eight equivalent positions: 

(h) xyz} y2e 8 a ky2s, Beye: 
ZXY ; ZxY ; ZRY ; 2XY ; 
Y2x; yx; yZx; y2x; 
XYZ; XYZ; XYZ; XyZ; 
ZY; KY; EXY; &xy; 
VZx; V2; YZX; VZx; 
x3, yrs, Z+3; +3; ry, peat eee y+3, 4-3; 


si 1 Siew al . 
Z+3, xiee; ys; 34, x4, 52-7; 4-2, $—X, y+; 
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Space-Group T? (continued). 
1 Ton . 
Z+2, X+3} yt, a—Z, +—x; 
1 . 
Dam 2+34, $—x; 


Le aa : A 
5 os" Gera, x33 


ee at Gra bea . 

peo i Fas oi 4—X, y+, ZF; x+4, ay, Z+3; 

5 ms Z aoe x+4, y+3, a7; 
DAG ame. 1S jae or Z+3, g—X,; vss z+3, xs) +—y 


4-7, 2 nc ys; 
x . 
aime Z+4;, X+4; 

y+3, Z—4%, Xba 


ig . 
yt, z+, $—x; 


Spacre-Group Tf. 


Four equivalent positions: 


a+, X+3; 


(a) 4b. (b) 4c. 
Eight equivalent positions: 
(ce) 8h. 
Twenty-four equivalent positions: 
tly ya, eek y, 23° SX, Yh, 4-25 09 —x, J, 24-4; 
ZXY ; Z, x-+4, 4-y; +—- ? X, yt+3; U+4; ~— x aie 
yer; $y, 2, X13) ya4; 3-2, 57, 2+3, 3%} 
R¥Z; 9—xX, yt3, 2; xX, 4—y, 243; x+4, y, 3-2; 
ZRY 5 Z, — x yore: aay x, $aoy 5-2, xp, a 
yZx; y+4, Z, , eet +; ZT3, xX, Y; a 4; x+3 
Space-Grovup Ty. 
Eight equivalent positions: 
(a) 8i. (b) 8e. 
Sixteen equivalent positions: 
(c) 16e. . 
Twenty-four equivalent positions: 
(d) 24e. c= 
Forty-eight equivalent positions: 
(e) xyz; x, Jy, 3-4; $—x, y, 2; , +—Y, Z; 
xy; 4-2, %, ¥; 2, 3-%, Y; 4% % 2—Y; 
y2x; y; 5-7, xX; Y; Z, ogee | dea Z, X; 
XYZ; xX, y> Z+33 x+3, J; Z; xX, y+3, Z; 
axy; 2th, X,Y; 4% X+3, 9; 2 Xx, ¥1; 
jax; y, 2+4,%; J, 2, x+3; yrs, 2, x; 
x+3, y+, 2+43 x3; +=J; Z; X, y+3iB-2; 
: aos y; z+4; 
z+3, x+3, y+; Z, x+3; any; 4—2, %; y+; ‘ 
2+3; ax, y; 
yt+3, a, Z, x+9; y+, 4%, X; 


y; z+3, 1x; 
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Spacr-Grovup Tj (continued). 


A—x, 4-y, $-2; 4—x, y+4, 2; xX, 3-y, 243; 

x+3, Y; 4-3; 
4-2, $-X, 3-Y} 2%, $—-X, Yt; 244, x, ¥-Y; 

4-2, x+4, Y; 
4—y, 3-2, 3-x; ytd, 2, 4—-x; #—y, 244, X; 


C. HEMIMORPHIC HEMIHEDRY. 


SpacEe-Grovup Tj. 


One equivalent position: 


(a) la. (b) 1b. 
Three equivalent positions: 
(c) 3a. (d) 3b. 
Four equivalent positions: 
(e) 4a. 
Six equivalent positions: 
(f) 6a. (g) 6d. 
Twelve equivalent positions: 
(h) 12f. (i) 12g. 


Twenty-four equivalent positions: 
(i) Ry Z3a- OXY Zi KV Esky as 
2Xy; ZXY; = ZXy; AY; 
YZX; YZXx; yzx; Y2x; 
yYXZ; yxZ; YxZ; YXZ; 
XZY; XZY; XZY; XZY; 
ZYX, ZYX; ZYX; ZYX; 


Space-Grovp T3. 


Four equivalent positions: 


(a) 4b. (c) 4d. 
(b) 4e. (d) 4e. 
Sixteen equivalent positions: 
(e) 16a. 
Twenty-four equivalent positions: 
(f) 24a. (g) 24b. 


Forty-eight equivalent positions: 
(h) 48d. 
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Space-Group T3 (continued). 
Ninety-six equivalent positions: 


(mya; X¥2; xyz; -" xe 
ZXY ; ZX ; ZRY; ZRY ; 
y2x; yzx; yzx; Vax; 
YXZ; YXxZ; YXZ; YXZ; 
XZY; XZY; RZY; XZY ; 


zyx; ZYX; ZYX; ZYX; 


Se ay Yrs Z; x+-3, a—Y, Z; x, ys; Z; $—x; oy; Z; 
29,849, ¥; 2-2, X4+5,9; $-2%,4-%,y; 2+4,9—-x, 5; 
y+3, a4; x; +~y, g— 4, X; yt+3, 3-4, X; eis z+%, X; 
y+2, xo, Z; +¥, x+3, Z; yt, g—X, 2 cy; $x) Z; 
xe; a+, y; oe 2=2; y; cx) g—4,Y; + =X; Z+%; y; 
2z+3; Soak} +—4; ey, xX; 3-2, ae Z+3, dees 
x+4, y, Z+3; X+3, y; 3-2; es Yy,% 3X, y, a+; 
Z+3,X,Yt3; F-2,%,3—-Y;} 3-4, &, ae Z+3.%, 3—-Y; 
yt+3, Z, Pat 7—); Z X-+4; yes; Z; a 5—Y¥ Z, tx, 
Yt, %,2+3; 2-Y,%,2—-%; ys, %, 3-2; 3—Y, &, 243; 
x9; Z, y+3; x+3, Z, Leki g—X, Z, yi; a Z, +7; 
2+, y; x+3; i Z, y;.% <3: 3-2, yy $x; Z+%; y, eX; 
Xx, ys Z+3; Xx, }-y, tee Z; X, yt+3, g—%; X, 4 —Y; Z+3; 
Z, aie y+3; Z, aaa, +), Z, aaa y+3; Z, 3—X, 7% 
y Z+2; = Sa et y; has <-35 y 5-2, g—X; y, Z+%, 5x} 
y; x+2, Z+3; y, x35 pha y +=, g—4; y. og Z+3; 
X, Z+3, yt; X, 3—Z, ay; X, +7, yrs; X, z+3, +; 
Z, y+, x3; Z, sy, x+3; Z, ys, a5; Z, aN; es 


Spacr-Grovp T3. 
Two equivalent positions: 


(a) 2a. \ 
Six equivalent positions: : 
(b) 6e. 
Eight equivalent positions: 
(c) 8a. 
Twelve equivalent positions: 
(d) 12h. (e) 12a. 
Twenty-four equivalent positions: 
(f) 24f. (g) 24g. 


Forty-eight equivalent positions: 

(h) xyz; xyZ; KyZ; = Ya; 
UXY; Oxy; ky; By; 
yx; YZx; yZx; Y2x; 
YXZ; YxZ; YxZ; YXzZ; 
XZy; xZY 5 XZY ; XZY 5 
Zyx; -ZYX; ZYX; = ZY; 
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Spacn-Grovur T3 (continued). 
x+3, Y+%, 243; 


oe 1 : a 1 
Orr By XT, yt+s; g—4Z, 
1 1 v 1 1 
Vong +3, x+3; Dae Eile fae f 
jp ea diet i. 
yt+3, +9; Z+3; a ay 


x+3, 2+3, Y+3; 


Z+3, Yt, X42; 3-2 2-Y, X42; 
Spacr-Grovup T4. 
Two equivalent positions: 
(a) 2a. 
Six equivalent positions: 
(b) 6e. (d) 6g. 
(c) 6f. 
Eight equivalent positions: 
(e) 8a. 
Twelve equivalent positions: 
(f) 12a. (h) 12). 
(g) 12i. 
Twenty-four equivalent positions: 
(i) xyz; -xyZ;, = -XyZ; Ra; 
aXY; ZXY ; ZXY 5 ZXY ; 
YZXx; Y2zx; YZx; YZX; 
Yt3, X42, 2b3; ¥-Y, X+3, 9-3; 
X13, 2>3, Yt3; X+2, 3-4, 9-Y; 


Z+3, Yt2, X+3; 


Spacre-Group T%. 


Eight equivalent positions: 


(a) 81. (b) 8e. 
Twenty-four equivalent positions: 
(c) 24e. (d) 24h. 


Thirty-two equivalent positions: 
(e) 32c. 
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F-+h; 3-2, feck, 
$55; z+4, £-%; 
yYt+2, 3-X, 3-4; 
$-—J; s—%, Z+3; 
$—-X, 3-2, YT3; 
3—X, z+4, +7 
3-4, y+%, Bias 


eae & , ee 
Z+2, 3) ee eos 


y+, 4—X, 3-2; 
ry; 4—x, 2+3; 

=x; 3-2, ¥+43 
—x z+3, eee 

$—2, yt+3, ee 
z+; +—); 3—X. 
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Space-Group Ti (continued). 
Forty-eight equivalent positions: 
(f) 48e. (g) 48a. 
Ninety-six equivalent positions: 
(h) xyz; - “x¥z; —yZ;. _/% 


2; 

ZXY} ZXY} ZY} ZXY ; 

YZXx; YZx; yZx; Y2x; 
1 HR 1. 1 at 
yt3, X+2, Z+3} ry S-3} 


1 . 
aia es, ee Vcd; xa 3—%, 
2+2, Yt2, X43} 


2 : 
X+3, rs, Z; 


Z+3,X+2,Y; 3-2, X43, 9; 
y+3, 2+3,X; 2—Y, 3-4, X; 
y, X, Z+3; y; X, 2; 
X, 2, Y+3; x, 2, 3-3 
Zz, Y,Xt3; 4%, Y, X33 
x+4, Y) Z+3; x+3, y sey 
2+3; X, yrs; 4—%; x, cy; 
yt+3, Z, bg as s-Y; Z, x3; 
y, +3, 2; = -§, x2, 2; 
Ee) Hove ORS tae HN 
Z, y+3, x; Z, aay; x; 
X, yt+3, o+3; xX, +—Y; 5-2; 
Z, x-Fs, Ys; Z, X+3, +3; 
y) ars, es y, 5-4, x-+4; 
yt3, X%, 2; 9 3-Y, X 2} 
x+3, 2, Y; x2, Z, J; 
2+3; y, X; 4-2, y, x; 


Space-Grovup Té. 


Twelve equivalent positions: 


(a) 12k. (b) 121. 
Sixteen equivalent positions: 
(c) 16f. 
Twenty-four equivalent positions: 
(d) 24i. 
Forty-eight equivalent positions: 
(e) xyz; x, ¥, 3-2; 2-%, Y, 2} 
IXY; 4-4, %, ¥; 2, 3—-%, Y; 
ym; ¥,$-4% %; Y, 2, 3%; 


$=5; y+3, Z; 
ees Cpeee y; 
yt+3, 4—7Z; X; 
Y; xX, 5-2; 
%, 2, ya; 

Z, y; aks 
ve ns y) 3—B; 
a4 X, ya) 
igen e Z, eee 
y, Le Z; 
X, 2, Ne 
Z, y+2, X; 
X, Pes eZ; 
25 aX, yoo, 
Y) 3-4, +X; 
y+2, X, 4%; 
4X; Z, ) 
34%, y, X; 
X, aay Z; 
Z, X, a; 
ay; Z, X; 
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1 1 1 e 
Nig mt Py haat ay bee 


Sh BS 2S Z+3; 
1. 
Z, ys; 

Te 1 O 

—X, Z+3, Pn 


fet iH 
| a Nile 
2S et we i 
bolt WI ng Ze 
(pelle eee eo 
a << le 


Nee 


N al 
IAQ NS 


~ 


1 Sth 


pal 
N NIH we 


oe 
NIH 


Saas, 
a 


| 
Ss 
NI 


SS 
Ya 
ee we 


N NIK be Ce oN 
x <I s 


“Je 
vie 
<I 
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Spacre-Group T§ (continued). 


y+t, x+4, 2+2; 
x4) ott. ea 
att; Yh, Meee 
x+$, +3, 245} 

Z+4, x+4, +9) 
y+3, 2+3, x+3; 
y+a, X44, 244; 
S42, Bd) ys) 


ott, y+h x+h; 


1 Pe pr 
Zi Af x-+4; Gio; 
3 1 ° 
x+7 £04) 2 
3 iL i 
T=, 249s 1a 
wh 7 
ts in hee 
Z, X+4, 3-Y; 
, 2) 2 y; 
pH 
2—Y), %, X+3; 
3 3 1 
7), Att 
3 1 3 e 
x7 fe ae 
- 3 3. 
1D i= Ve Bela: 


y+, 4—-x, 7-2; 
i= 3, 1%, bs 
i—%, 4-4, y-P4s 
t=, Ort; sae 
t~ 7; y+, f= %) 
att iy), te 
X, y+, baal 
ea; y, Z+3; 
x, y+72; 
a+, +x, y; 
y+, =o, X; 
y, z+, 43%; 
Ys, 25) tee, 
r-+¥, , Saeee > e445 
io i=, y+Hj 
{-x, 74, 2-38 
i=4,7+4,4—-5) 
a+ ty oe 


D. ENANTIOMORPHIC HEMIHEDRY. 


Spacr-Grovp 0. 


One equivalent position: 


(a) la. (b) 1b. 
Three equivalent positions: 
(c) 3a. (d) 3b. 
Siz equivalent positions: 
(e) 6a. (g) 6c. 
(f) 6b. (h) 6d. 
Eight equivalent positions: 
(i) 8c. 
Twelve equivalent positions: 
(j) 12m. (k) 12n. 
Twenty-four equivalent positions: 
(> Xya7ee Pe xy7 eae xy2e 
ZXY; EXY;  AXY; 
YZXx; V2x; Vax; 
YZ; YXZ; YXZ; 
XZY ; X2y ; X2ZY ; 
ZYX; ZYX; ZYX; 


XYZ; 
ZXY ; 
Y2X; 
Yx2; 
xZy ; 


Zyx. 
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Spacre-Grovup 0?, 


Two equivalent positions: 


(a) 2a. 
Four equivalent positions: 
(b) 4d. (c) 4e. 
Six equivalent positions: 
(d) 6e. (f) 6g. 
(e) 6f. 
Eight equivalent positions: 
(g) 8d. 
Twelve equivalent positions: 
(h) 12a. (k) 120. 
(i) 12i. (I) 12p. 
(Qj) 12}. 


Twenty-four equivalent positions: 
Gn xyn; x92; xy; —-Xvz: 
ZXy; ZXY; ZXy; GRY; 
YZXx; ZX; yzx; 2x; 
5); $—x; +7; aoe: 4—%; 2+3; a3) x-Fa, Z+3; 
Yt Xba as 
Xess eS Xa, 2d, 2 ¥, 
x+4, ans y+; 
3-2, 4-Y, 3-X; 243, Yt3, 3-X;} U3, F—-Y, X43; 
AZ yt+3, xo 
Space-Grovp 0%. \ 


Four equivalent positions: 


(a) 4b. (b) 4c. 
Eight equivalent positions: 
(ce) 8e. 
Twenty-four equivalent positions: 
(d) 24c. (e) 24a. 
Thirty-two equivalent positions: 
(f) 32a. 
Forty-eight equivalent positions: 
(g) 48f. (i) 48a. 


(h) 48g. 
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Space-Grovr O* (continued). 
Ninety-six equivalent positions: 


(j) xyz; xy2; Ry; Ya; 
UXY; UXY; GXy; = AY; 
YZX} VZx; y2x; YX; 
YX; YR2;  YXB; XZ; 
XZY ; XZY; XZ; XZY ; 
ZYX; = BYX; — BYX; YX; 
x+4, yt+3;, Z; x4; J; Z; 
a4, s+4, Y; aE, x-+4, y; 
y+; u+%; x; —-Y; '=2, x; 
$-Y, 4—-%, 2; ya, 2—-X, 3; 
4—x, heen y; a=, a+, y; 
7-2; 3 y, X; z+%, yt+3, X; 
x+4, y, +3; x+4; y; 3-2; 
a+3, x, yt+3; 3-2, Xx; 2-33 
y+, Z, omy , dem Z, x+3; 
Ry X, 72; ys, x, Z+3; 
4—5, Z, a-Y; rs Z, y+3; 


Z pA . 
2+, Y, 3—X; 
1 BI . 
SES OY ed ey 


Z, +35, yt3; Z, x+3, i>; 
Y; 2+3, x+3; y; 3-2, <4; 
Y) y kage 22; y aX, Z+3; 
%, 3-2, 4—Y; X, 243, y+3; 
Z, t=, $—X; Z, yt, ae 


Space-Group 0+. 
Eight equivalent positions: 


(a) 8f. (b) 8g. 
Sixteen equivalent positions: 
(c) 16b. (d) 16c. 
Thirty-two equivalent positions: 
(e) 32b. 
Forty-eight equivalent positions: 
(f) 48c. (g) 48h. 
Ninety-six equivalent positions: 
(h) xyz; XYZ; -XyZ;8Ya; 
BY 5 ERY Pt ee 
yx;  F25; 9 -yaX> ya; 


Nee Nh l_y- 
4 Y, 4 X,@ Z; 


1 1 ° 
1%; 4x2) 2 
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4 


Ny) wh 

| | 

ha S 
Bt Eee 4 be NIH 
+1i+ 
Seaedd ad 
IM hee NE SION MIS oN 


x-4, Z; foo 
2-+%, y, x-+4; 
x, y+3, 3-2; 
Z, 3—X, Y+3; 
y; 3-2, —x, 
¥, X+3, 243; 
x, z+, a~Y; 
Z, 4; x+4; 


%—X,4—Y, 2; 
a+%, eee y; 
a; z+4, X; 
y+3, x+4, Z; 
x+3, 3-4, Y; 
7; y+, x; 
4—x; y; a+; 
z+3, x, i—%; 
3—Y, Z, : hah 
y+, xX, , et 
x+4, Z, y+4; 
3-2, y; X-+-4; 
X, 3—-Y, 2433 
Z, : fen 5—-Y; 
y; z+3, 4=x; 
Y; x-+4, 5-2; 
X, 3-2, Y+3; 
Zz. y+%, xt. 


1 ® 4 
y+, a4—X, bt; $—-Y, x-F4, Z+33 


Ya, X44, 2-4; 


fhe al. . é 
aoe: ¢) at, ys; xe, 2-+t, t=y; 


x4; i—z, ytt; 
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Space-Grovup 0* (continued). 
t>7, z=y; bx; Z+4, y+, 4—X; ot; iY} as 
Ae hd, Xt; 
X+4, y+4, 2; x+4,$—-y,2; 4—x, y+4, 2; Poe: 3 
2+3, bob tg >7, x+3, J; $=, $x, y; L--4, 3X; y; 
y+4, Z+3, x; a=; $7; xX} y+3, 5-2, X; .—y, a+, X; 
a9 4 Rete tay) soe it, iY) 8h Bt; 
f : F A vee, x-F 4, 4—4; 
4%, 4—4, 479) 2-4@—4, a4, yt+3; rae Maier ays 
3 3 1 . 3 3 aes <a vrei 
hae Oy ka tue & ae 8 Z+%, nit ee ee: $5 Dra, ry: x+4; 
Lintt y-+3, xe: 
xs; Y, ats; x+4, y; a ca2, Y) as —X, y, Z+3; 
z+%; X, y+3; 5 — 4, 45 tee - +7, X, ¥at-4; aie ie: 
yt+3, Z; X+3; 3— Lue snes f Z, i= 5) 2—Y; 4, o-2k,, 
(Si bt ee aaa Whe 4 ee EMRE Ao gehen Sam ag Sint a 
F : ee! i : VEAP Ee tae) 
Sue tee 4s os oz; Vole es Xb ds 2+%, a 
4 . , F aes Keg Pa, y+i; 
404 4—Y, 4%; Z+7, Vales 4%; ame iy, Gr 
44, y--2, eis 
X, Y+9, 2433 X%9-Y, 3-2; X, yth,3—-2; % 3-y, 243; 
Z, x+4, yt+33 Z, x45, 7-3) Z, doe x, ec Z, Sia.e pee 
y; Z+3, x+4; y, 3 g3— 4, x43; Y) Ue 39> Xx; y; z+4, nox: 
a eee g +2; Ver re aX, 2+; PAs, x7, eee 
y+t, x-+i, i-2 
7, i—3; iY; ee 2+; vars x+4, 2+i, ae ai 
Sta ty as 
et iY, tx; Z+4, Y+2 7 eto) a, bee he Xora; 


Space-Grovup O°. 

Two equivalent positions: 
(a) 2a. 

Siz equivalent positions: 
(b) 6e. 

Eight equivalent positions: 
(ce) 8e. 

Twelve equivalent positions: 


(d) 12h. (f) 12b. 
(e) 12a. 


Sixteen equivalent positions: 
(g) 16d. 


1 \ 
a—4%, y+, x+i 
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Space-Grovup O° (continued). 
Twenty-four equivalent positions: 


(h) 24}. (i) 24k. 
Forty-eight equivalent positions: 

(j) xyz; x¥2; yz; - Kya; 
“XY; 2xY; ZXY ; XY ; 
yZXx; YZXx; YZX; V2ZX; 
YxZ; YXZ; YxzZ; yXxZ; 
XZY ; XZY ; XZY ; XxZy ; 
ZYX; LYX; ZYX; ZYX; 
x+4, yt+3, z+; x+4, 4-y, 4-2; 
az+4, x+3, yt+3; ¥—Z, x+4, 4-y; 
ytd, z+4, x+4; 4—Y; 3—Z, x+3; 
4—-y, $—-X, 4-2; Ys, 4—x, 243; 
2X, 4—-%Z, 4—Y; 5—X, z+4, yt+3; 
5~Z, 4-Y, 3—x; z+3, y+3, 3—X; 


Spacr-Groupr 0°, 


Four equivalent positions: 


(a) 4g. 


(b) 4h. 


Eight equivalent positions: 


(c) 8}. 


Twelve equivalent positions: 


(d) 12q. 


Twenty-four ee positions: 


(e) xyz; 
ZXY ; 
Y2X; 
t-y, 


Ble 
| 
A 


Ale 
| 
N 


—y; Pee eo fae fy eet 
Z, as vis see x 
Z, x+4; yt+3, 
7 el poh eat tN 


1 . 3 1 
27 2;.4-Yie> tine, 


ae ees i—x; 


1 1 * 
Atay dom) 


uf i 1 e 
eK, YS, 9 ae 


4%, +—y, a+34; 
a=; eS yt+4; 

a+%, 4—% 4~Y; 
Y+2, 2-4, 4-X; 


ay, z+, oe 
3-Y; x+3, a-+4; 
y+, x+3, 4S 
x3; Z+3; +—¥; 
x+4, 5-2, y+4; 
2+3, z—-Y, x+3; 
3-2, y+}, x+4. 


1 = 1. 
3X, y; Z+3; 
z+3, 


v 1 . 
Me z+3, 2X; 


1 <7 
i feet Sia 5 


4 x+4, a-+3; 
y+; K-34} i—2z, 

x+4, 2+i, 27s 
X+d, 2-4, Y44; 

caer ay x+4; 
i=3, yti, x-+-%. 


It is evident that a suitable transformation would simplify the two unique 


cases. 
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Space-Grovr 0’, 
Four equivalent positions: 
(a) 4i. (b) 4j. 
Hight equivalent positions: 
(c) 8k. 
Twelve equivalent positions: 
(d) 12r. 


Twenty-four equivalent positions: 


(e) xyz; x+3, $-y, 2; &, y+3, 4-2; 4—x, 7, 2+4; 
. (> 1 } . ES = 
ZXY; Z, > ok = 3—Z, X, y+}; z+3, : 2.55 NES 


—YV, 2, x-+3; y+, 4 


= ee By 
X, 4—4Z; Liar: 4X, 


y2x; 


Space-Grovup 0%. 
Eight equivalent positions: © 
(a) 81. (b) 8m. 
Twelve equivalent positions: 
(c) 12s. (d) 12l. 
Sixteen equivalent positions: 
(e) 16g. 
Twenty-four equivalent positions: 


Beet ae teres 1 
ZX; Y; Z+3, ex; 


ath; Ary, x4, 244; 
yrs xe, tee 

vere > oa mr Z--2, ite 
a4, 12, Maser 

Tx; Oot Se ey 
sae eer xr 


(f) 241. (g) 24m. (h) 24n. 


Forty-eight equivalent positions: 


(i) xyZ; X, y, :—7; 3—-X, y; Z; 
uXy; 4-2, X, ¥; Z, 4—%, ¥Y; 
y2x; JY, 3-2, X} Y, 2, 3-X; 
.Y; rx +2, dams aX; 


B 1 . 3 3 
a kya) 4 se as; 


1 1 : 3 1 
t—7, 1-y, }-x; 2+, Yt, 


= a! e 
X, 3—Y, Z; 

al . 
Z, X, 2—Y; 
1 ve 
g—Y, 4, X; 


2 
et Te aa 
y+, x+3, 7-2; 
Vote Stogee teas OY 
ay te Par 
i—X; Z-+-4, a; are 
i= 2, Vora bea 
Zi SV ty S23 
3—X; y; Z+3; 
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Space-Grovur O® (continued). 
z-+4, x+3, ytd; 2%, x+4, 3-ys 3-2, %, y+; 
z+3, 4—x, y; 
y+; a+3; x+34; 4-y, Z, x+3; y+z, 4—%, X; 
y, z+4, 4—X; 
7 Woh Oey mas jie mat yt+i, +—x, z+%; to x-+4, a+4; 
. y+, x+3, 7-7; 
$—x, i—4Z, i—y; i —X, z+i, y+; x-+4, z+i, i—y; 
x+9, i-—2, y+3; 
$—2, $-y, 3—x; 2+4, y+b dx) od Gy et 


t—2, y+h, x+h. 
KE. HOLOHEDRY. 


SpacEe-Grovup O}. 


One equivalent position: 


(a) la. (b) 1b./ 
Three equivalent positions: 

(c) 3a. Yd) 8b. * 
Six equivalent positions: 

(e) 6a. (f) 6d. 
Hight equivalent positions: 

(g) 80.” 


Twelve equivalent positions: 
(h) 12f. {/ (j) 12n. 


(Ded asus 

Twenty-four equivalent positions: 
(k) 240. (m) 24q. 
(1) 24p. 


Forty-eight equivalent positions: 


(n) -xyzj¥—-xX¥Z5.0 XyZn—0 592; 


ZXY; XY; Ky; aR; 
y2x;  -YZX;—yeX; Yak; 
RZ; XZ; YXZ5YXZ; 
XZY; «XZY;— ZY; XY; 
ZYX; BYR; BYK; BY; 
XYZ; = XyZ; = XYZ; XYZ; 
“XY; IXY; = UXY; — BXY; 
YOR> 4- (YAR; 8 SYK) fb tyex; 


YXZ; YxZ; YxZ; YXzZ; 
XZY 3 | XZY 3 CRY, aa EY 
4X; 4 €85X50 Saya; Zyx; 
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Space Group 0?. 


Two equivalent positions: 


(a) 2a. 


Six equivalent positions: 


(b) 6e. 


Eight equivalent positions: 


(c) 8e. 


Twelve equivalent positions: 
(d) 12h. (e) 12a. 


Sixteen equivalent positions: 


(f) 16d. 


Twenty-four equivalent positions: 
(g) 24f. (h) 24}. 


Forty-eight equivalent positions: 


G) xyz; xya; 
ZXY ; ZX ; 
y2x; YZx; 
YX2; 0 YX; 
RZY; =- Kay; 
ZYX; ZYX; 
fox, 4t-yiit 


x+4, z+; yts; 


+4, eae, X+3; 


Space-Group O03. 


Two equivalent positions: 


(a) 2a. 


Six equivalent positions: 


XyZ; 
ZY; 
y2x; 
YX; 
XZY; 
ZYX; 
; 3 —X, 


(b) 6e. (c) 6f. 
Eight equivalent positions: 


(e) 8e. 


XYZ; 
ZRY }; 
Y2x; 
YxZ; 
KZ: 
ZYX; 
y+s, 2+3; 


(d) 6g. 


x+3, a—Y; a 
Koes y-+3, 5-2; 
2t+3,'X+3, 3—-Y; 
pas aa Vas 
4 —YpG eX a5 
Vey eee Xa 
YH es, 2, 
BY) 2—X, B49; 
pox, don y+4s 
os; z+3, 5 oY, 
4—7, y+3, ae 
z+3, 5—Y; to 
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Space-Grovur O; (continued). 
Twelve equivalent positions: 
(f) 12a. (g) 12i. (h) 12}. 
Sixteen equivalent positions: 
(i) 16d. 
Twenty-four equivalent positions: 
(j) 24s. (k) 24r. 
Forty-eight equivalent positions: 
(1) xyz; xyz; XyZ; KY; 
ZXY ; ZXY ; ZXY ; UY ; 
yZx; YZx; YZX; Y2ZX; 
boy, $x, $5 yt4, dx, 244; 


Bs Sy2j), Xytp RYT; 
y; ZRY ; ZY ; ZXY ; 
x yzx; YX; YZXx; 

1 . : ee | . 

y+3; x+3, Z+3; 5—-Y,; x+3, yes 

1 1 ts soe ° 

x+3, Z+3, Yrs: a 3°45 5—Y3 

1 1 aS 1 1 e 

Z+3, ys; x+3; S49 ty x-+3; 

SpacE-Grovup Ob. 


Two equivalent positions: 


(a) 2a. 

Four equivalent positions: 
(b) 4d. (c) 4e. 

Six equivalent positions: 
(d) Ge. 

Eight equivalent positions: 
(e) 8d. 

Twelve equivalent positions: 
(f) 12h. (g) 12a. 


Twenty-four equivalent positions: 
(h) 24f. (i) 24t. (j) 24u. 


4—-Y, X+4, 243; 
y+4, x+4, 4—2; 

x44; z+%, +-¥; 
x+3, 3-2, Y+4; 

z+, a7; x+3; 
3-2, yt+3, x+3; 


y+; x~X; es 
3—-Y,; $x, z+3; 

$~—x, #—i, y+; 
eg? z+4, 4; 

3-2, yt+3, 3—X; 


ae | 1 
Z+3, 7—-Y, 7—X. 


Ves a ey 


THE CUBIC SPACE-GROUPS 04-08, 141 


Space-Grovup Of (continued). 
Forty-eight equivalent positions: 
(k)-wyz; x2; Ryn; XY} 
ZXY; ZXY; ZRY} ZY} 
yux;" 2x; -yak; yar; 
a—Y; es hee yaa: aS; Z+3; 


pies abe DE ed 3 
Fie oe SOT atl ye he ty a+, y+3; 
page ae ae 1 i284) : 
2 oy ee z+3, yt+s, pines 


bie 20S EE ao? hed a 
Foca os Seed 5 a ky y+, a-+4; 


yam; eke, Syst; © p57; 
Buy eo may oT XZy; © xzh; 
ZYX; ZYX; Z 
Space-Group Op. 
Four equivalent positions: 
(a) 4b. (b) 4c. 
Eight equivalent positions: 
(ce) 8e. 
Twenty-four equivalent positions: 
(d) 24c. (e) 24a. 
Thirty-two equivalent positions: 
(f) 32a. 
Forty-eight equivalent positions: 
(g) 48a. (h) 48f. (i) 48g. 
Ninety-six equivalent positions: 
(j) 96a. (k) 96b. 
One hundred ninety-two equivalent positions: 
yey Beye Ry23) 592; 
ZXY ; ZXY ; ZXY ; ZXY 5 
y2ZX; yZx; yZx; y2x; 
FR2Z; yz; = xa; X32; 
XZY ; XZY ; X2ZY ; XZY ; 
ZYX; Zyx; ZYX; ZyX; 
RyZ;  -Xyz; XYZ; XY%; 


ay; RY; | OK; RY 


“+3; ty, x+3; 
3; y+3, x+3; 
x, +—y, Z+33 
x59; y+; $2; 
a+, Xeto; D pee 
2—2, X+9, Y+9;3 
4—y; Z+3, K+3) 
yao, 2, xe 
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Spacn-Grovur 0? (continued). 


2x; 2X; yY2x; yZx; 
YXZ; VXZ ; YxZ; YXZ; 
XZY ; XZY ; XZy ; XZY ; 
ZyX; @yX; “yk; = ay; 
x+3, y+; Z; x+4, $+Y, Z 
z+4, x+3, y; ‘= 7, x+3, y; 
yt2, 2+3,X; 2-Y, 2-4, X; 
$3, $—x, Z; yt+3, 2 xX, Z; 
$3 $32; y; 3—X, z+; y; 
3—Z, +=, X; z+3, y+, X; 
sx, +7; Z; + ’ yt, Z; 
$3; +z, y; Z+4; g—x, Y; 
a=-Ypp 42; X5 se eer Z+4, X; 
yt+3, a Z; eee f 2 ef Z; 
X+3, 2+2, ¥; x+2,2—-4, 9; 
2+3, yt+3; xX; 5-2, c= x; 
aay yy i xa y, 5-4; 
Z+%; x, i ie we i | ies X, 4-¥e 
yt, Z, x+3; +97 Z, X+3; 
2—Y, X, 3-2, ys, &, 242; 
4—x, Z, aN, :— » 4; y+3; 
£—7, y, ak; a+%, y; ¥—X; 
a—%, y, ee 5%, y, Z+3; 
4-2, X, hee Z+2, X, y+3; 
lent Z, eee yrs, Z, 13a 
yt. x, 2+; 4-y; X, +<-%; 
X43, 2, Y+3; x+3, 2, 3-Y; 
Z+3,Y,X+3; 3-2, 3, x+3; 
Xx, yt+3, Z+3; X, eae 5-2; 
Z, x-+3; yas; Z, Keb vi malh 
Ys fel $ a oh y; $< x UP 
y, 3 X, 52: y) $~-x, a+3; 
X, ah} a—¥5 X, Z+3; y+3; 
Z, +—Y, $73} Z; yt, 23s 
X, ay; Clee X, y+, Z4+-45 
Z, a $y; Z, hk, Very, 
y, +7, ee 1 Ns Z+%, see 
y) xs, a+33 y, xq, 5-2; 
Xx; 2+3, ys; x, 3-2, et 
Z; yt+3, ere Z, oy, x9; 


Space-Grovp O8. 
Eight equivalent positions: 


(a) 8i. 


(b) 8e. 


Twenty-four equivalent positions: 
(d) 24h. 


(c) 24ce. 


Bo haw Fe 


Res 


| + | 
S «NI wl 
MONI RQ ne SoH 


If i tite i tit 


In <font SH OOH NOM 


mt Hh 
bad “ 
blr a ta ee Sart DS 


1 dle 
N 
NxKIOS 
Sa Get we 


IH S<{ 
MONK ng IES i oe pd NIE 
he ee 


| bo] 


bd bole DI Ot 
+1 
I+ pole NPA tl 


= 


i) 
~ 


i) 
~ 


fu 


+= J; vee 
y+3, Kt) 2 Z 
x+3, 3—Z, y; 
4-2, y+4, x; 
x+2, y+%; 2; 
EE, x+%, y; 
V3; 3-4, X; 
=z, 3—X, Z; 
28; z+4, y; 
z+3, += 3 X 
3—X, y, L445 


z+4, X,2—Y; 
2—Y; 2, 3—X; 
Y+3, X, 3-4; 
X+3, %, y+2; 
3-2, Y, X+34; 
x+3, Y, 7—4; 
t-% x, y+3; 
y+, Z, ¥+33 
eV; X, Z ¥ 
2—X, 2, 3—Y; 
3-4, y; +—<; 
X, 3-Y; 2+3; 
Z, 4X, +—7- 
y, z+-3, 4--x> 
Y, X42, 3-2; 
X, 2-2, Y13; 

B, Vet-2 eos 


S, ¥it-3, $e 
Z,x+3, y+3; 
y; 2 x4 
y,2 jem ne 
X, 244, % NS 

) My, tir: 


N 
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Space-Grovup Of (continued). 
Forty-eight equivalent positions: 
(e) 48a. (f) 48e. 
Sixty-four equivalent positions: 
(g) 64a. 
Ninety-six equivalent positions: 
(h) 96c. (i) 96d. 
One hundred ninety-two equivalent positions: 


CG)ytxyee ayn te Ryay SY Favs 


? 
ZXY; @XY; GRY; ARY; 
YZXx; YZX; Yzx; V2ZX} 
Ya; > 1 yk2;"" Yxz;" “yxz; 
XZY; XZy; XZY ; XZY; 
ZYX; “YX; LYX;} Zyxs 
1 r 


DS Res) +=y; 7; yas vo a xd; +—y Z+3; 
Sa, yt+3, Lee 

3-2, ak; iy; Z+2; =x} yt3; 2-3; x+3, pee 
3-2, eee y+; 

7-Y, 75, $x: ¥+2; Z+%; aks bdo 6 Z+3; X+3; 


2+, y+3, x3; Ss high xe; ee, Vs) g—X; 
“+3, 3-Y; 4¥—x; 
x+4, y+, Z; x+4, 77 92; x yt+3, Z; 24%, iY, Z; 
o+4, =Fs, i a2, x+3, y; aa ’ 3—X, y; z+%, eS, y; 
Es, Z+73, xX; a-Y; g—4, X; yt3; -—Z, X; Ay Z+%, X; 
+—Y, +x, Z; y+; ‘—< Z; g—¥) Bria Z; y+; xa, Z; 
$—-x, 34, y; ot ? Z+%, y; x+3 Z+%, y; x 2; 2—4,Y; 
3-2, ¥—Y3 X; 2+3; yt+3, X; Zz+%, eae x; 7%, Vers: xX; 
X, y, 3-2; Xx, y; 2+} x, y; Z+3; xX, y; $= ? 
Z, X, eT; Z, X, ytz; Z, X, Vs Z, x, yts; 
y, Z, 2X; y, 4, toe y; Z, Kies Y; Z, x33 
y, X, “+3; $x, 3-2; °° y, % Ri; Vx 2433 
xX, Z, y+3; Xx, Z, aah X, Z, y+3; Ky Bo YG 
mY, 51h; 29,513; %, y, 4—%; 4, 3, 3X; 
xe, Y) Z+33 x9 y, 5-2; aX y> ae } Paes y; Z+3;3 
2+3; X, yrs; 5-4, x, ty; +7, X, ves, Z+%; X, a5 
y+, Z, x35 ry; Z, X+7; y+, Z, as; $y, Z, ee 


= e 1 1. 
kes z+3, y; $—X; z+3, Ms x+9; 3-4, Y, X+3; 
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Space-Grovup Of (continued). 


X; ry; Z; X, y+, Z; x, +~y; Z; x, yt+i, Z; 
Z, $—X, fe Z; 5 eo y; Z, =x+%; y; Z, x+3;, y; 
y, $—2Z, X; y; z+4, X; y, z+%, xX; y; 3—Z, x; 
Mic X--3; Z; y, x-+4, Z; Y) $75; Z; y, dee)? 4; 

) z+%, y; x; fogs y; X, 3—Z, y; X, Z+3; y; 
Z; y+; x; Z, 3—Y; x; Z, yt+3, X; Z, 4—Y, X; 

, yds Z+3; X, o=7; i= ; XY 2; z Z; xX, +~¥;, Z+3; 
Z; x+3, Hees Z, x+4, 4—-Y; Z, 2 —X, sa ga Z, +X; +75 
y; z+%, 3 y, 7s, x+3; y; 42; eS; y, Z+%; = ms 
y, $x; 5 Pam ae eX; a+; y, x}, a+; y; x+3, 3-2; 
X, 3-2, + Y; X, a+%; y+3; x; Z+%; 4—Y; x, 3-2, ye 
Z; 7; $=; Z; y+, = y) By 33 x4; Z, y+, x45; 
$x, $2) FOR) Bh EtOnS, 2 Payee 
3-2, X, y; Z+4, X, vis z+%, x, Y; 3-2, Xe 
SY, Z, X; y+3, Z, X; 4, Z, X; y+3, Z, X; 
Were, X, Z; ey; x, Z; y+, X, Z; 3-Y; X, Z; 
See; Z, Y; RES, Z, y; BaKf Z5 Y3 +x, Z, y; 
“+5, y, X; Lees ,¥, X; 4%, y, X; z+%, y, x. 


Spacre-Grovp 0}. 
Eight equivalent positions: 


(a) 8f. (b) 8g. 
Sixteen equivalent positions: 
(ec) 16b. (d) 16c. 
Thirty-two equivalent positions: 
(e) 32b. 
Forty-eight equivalent positions: 
(f) 48c. 
Ninety-six equivalent positions: 
(g) 96e. (h) 96f. 


One hundred ninety-two equivalent positions: 
G) xyz}, xyZ;  ZyZ; xyz; 
IXY 5 ol BEXV; Ge BX yh eae 
YZX; YZx; yZx; V2x; 
oy, 1—X, 47; yt, +— x, z+; 7 ean 1-3) z+} 


tax, Dane, poay IX; 2+, Vers x-F4, a4-%, yes 

1 1 1 ° 1 be xt 4, sae y+ 

4g), fon) ed oa? 2+4, Vord: 4—X; At, ay, a 6 

: it A +S : " 7, y+, x-++2; 

47% 29 2 2)) 2k Yeap Fas 0 Sit ge ee 
X-He, y+i, re 
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Space-Group Oj (continued). 


Or oleae al 
4—4, 4X, 4 


Yxz; 

XZY ; 

ZYX; 
ya-s: Z; 
Z; x+4, y; 
2+, X; 
ER, rs 


uh 
fat gy 


1 
4 


ai: 


pl 
4 


aaah 


a8 
4 


a—Y; i—Z, 7 4 
yt, x, Z+3; 
x-+4, Z, yt+3; 
z+%, y, X+3; 
X, yt, Z+3; 
Z, x+4, y+3; 


4-Y, x, 2, 
x+4, Z, 4—-Y; 
34, y, x+3; 
X, aaa? ag 
Zi, x+3, 4 aN) 
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eae a+%, +—x, y+; z+i, x-+4, 4-y; 
to, XPS, ¥F7; 
—X; y--35 24-4, + Xx; t—y; z+4, x+4; 
x V3; '—Z, Sete 
YXZ; YXZ; 
Rly; Ray; 
ZYX; = BY; 
xs, e-y, Z; g—X, y+, Z; 7—X, 3—Y; Z} 
4-2; Daa y; +—-2, 4-5; y; Z+5, +x, Af 
2 re) $=; xX; yr $—2, X; eY; Z+3;, X; 
a ar ne Goa Sa caer Ye mah ae ke) a 
Signy © x+4, to, 
Sieve x 2d, Yt, X14, ata aay 
wed, ta 44, Vo as 
—X; a+4, Vas eS z+4, i—YV, Gera 
Ra yt+i, Sra 
<2 2—x ye, 2d see ae 
Xhay y +i, rat 
my z+, 2X) y--33 a4, x14; Tas 
7s xa; y+; 
—xX; Sora: 2-3) aX; PANE oa, Be Be 
y+%, i—Z, x+4; 
a ase x-3; Z; yt+i, eeceS Z; 4-Y, ie X, Z; 
a: 2%, y; 3—X, 772, y; BX; u+%, y; 
3 4—y; x; $= 7; yt+3, X; Z+%, 5-35 X; 
x+3, y, 5-2 3—X, Y) 4—2; 45; Jy; Z+3; 
are hy Pes $—2, X, yts; Z+3, X, ieee 
3 Y) Z, x+4; y+, Z, ne X; 2—Y) Z, See 
ar, y+i, ee Z+43 mays xi, 2+3; 
y+) xth 2 4—4; 
V5 7 —%, a+%, y+i; x+i, Gated Tones Sh 
an? tla Valees 
—xX; a+4, y+? ask, ata, 4 a3 9) Xotegs 
43 ys; x+3; 
SAE i, y+i, Z+4; x+3, +-Yy, 2+3; 
x+-3, yti, 4-2; 
man Vie z+, Piao yt+3; z+, x+3, 4—-y; 
eae Bae 
eS yt+i, a+, tx =; a+-4, x+4; 


3. 

y+, 4-2, Ds yt 
eS 1 
ay; x, 2+; 


3—X, Z, y+3; 3—X, Z, tay, 
4-2, y; 4—X; z+4; y, aks 
Xi, y+3, a Z, %,3—Y, Z+3; 
Zz, 4—x, y+4; 2,4—-,3-Y; 
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Spacn-Grovup O} (continued). 
y; a+%; x+3; y, $22, Kha; y; 3-2, age © y, z+4, $—x; 
i—y, f=X; <7 yr. 1%, z+4; : da x+, a-+4; 
| y+h xt+d, $2; 
t-X; 2, 7 PRE 1—Z, z-+4, yt; x-+3, 2+i, i-y} 
x+3, tae y+; 
t—4, 4-y, 4-x; eth, ye, Toe ey ee 
| 4-2, y+4, x+4; 
i—x; iy, 1225 tk, yt+i, a-+3; xt ory; a+4; 
¥+4, ytd, 7-2; 
to—%, ik, iy} n-+4, ix, y+4; z+4, x+4, yah 
a=, a+, y-hiz 
b-Ynd—t, $—x; yh, ord, Ake 4, ee 
y+4, i~%, x+4; 
Y; x4, Z+3; y, x4, 4-2; y) ¥--%, 3-2; 
x, Z2+3, y+2; x 2 
Z, y+3, <-9; Z, +, x-+4; 
Spacr-Grovur O8. 


Siazteen equivalent positions: 


(a) 16h. 

Thirty-two equivalent positions: 
(b) 32d. (c) 32e. 

Forty-eight equivalent positions: 
(d) 481. 

Sixty-four equivalent positions: 
(e) 64b. 

Ninety-six equivalent positions: 
(f) 96g. (g) 96h. 


One hundred ninety-two equivalent positions: 
(h) xyz; xyZ; Ry; KY; 
ZX: ZXV; Zxy; ZX; 
y2x; yZx; y2x; Y2X; 
235, 7—x, a—2; y+i, +—x, 2+t; P=, x+4, Z+4; 
1 1 1 sre) 1 Ta 1 yt4 xt, ay 
4523) 3-2, 2-Y¥ 3 ZX. Sy V8 a 
5 ; ' 3 » ie x-+4, +—Z, y+i; 
ort ey ae er Goer; Z+4; y+? iar S Z+t, iy, x-fi; 
eee a =b ab We ytd, x44; 
4 Spe (ay Crary Ae Ye rem ¥-l 2453; Kg, ef a3; 
: . al 24 : Xd, ¥ra, 22a, 
4—4, 427%) 27Y; 2-4, 4%, Yr: 2-+4, x4, eh 
I x+2, y+; 
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Space-Grovup Of (continued). : 
Zieh 6 i+4, 2X; y+, ae, Tox} 2~y; pt 4, 5 a ae 
y+, 1-7; Re; 
yrs Res; 2+3; s-y; SG; 3-2} ys, c=3; 3-3; 
= eh 7%, a+3; 
$4; 2+4, yt+3; S44) 34; $—Y; t= 3; 3-4, yt; 
$—X,.21-$) Gye 
ata, Ys, X43; 9-2, 3-y, x49; 3-2, y+4, 3—%; 


¥4+-4; ¥--5, Z; x+3, $7 Z; 4X, y+3, Z; 2X, cy} Z; 
+3, x-bF; V5 $—3, x+3, ¥3 3-2, =x, y; z+4, +X y; 
¥sek, 2+; xX; 4—-Y; $= 7, X; yt+3, 3—Z, X; ae Zola, X; 
a=9; Ame ed ae a> YF; t= 3; ee ys ea a4; 
y+i; Xa; i=2; 
donk, i<3, =: 2—x; z-+4, Yt; Sa 2+, ty 
SHA, if, ya; 
a5 iy, re a ad, yrs pass a+, rea Ka; 
img; yore X43 
eee ee it ina XY ay 2th) X47) tay oa 
x+2, y+4, 7-2; 
3k s, PY Oe, 2X) YE eee 
$—%, X+4, Y+4; 
P32 he X; YD 24, 2X72, 2} ets 
yu 44, ya nar 


~ 


y, X; Z+3; y, X, 74; y; X, : fot y; X, Z+33; 
X, 4, y+; X, Z, bio Ode X, Z, y+3; X, Z, 2—Y3 
Z, Ys x+3; Z, y, XePg; Z, Y; yx; z, y; ox, 
xF; Y) a+; E49; y; 2 Z; cs Vi tes 5%; y; Z+$; 
2+3; Xx, See: 5; x, 3 ag, 3 3—Z, x, yt3; z+3, X, ay; 
2 2 y+3, 2 came 2—Y, 4, 2—X; 
2 


2 
yt, Z, X+4; a y) Z, x+3; 
Z; y+i, eee +i; ay x-++4, “+4; 


y+i, kD i= Z 


i —X; <2; ay; aX, te, yr; Gee aoe iy: fe mee 
X+4, 2-4, Y+4; 
i—%; t=y, 7s: z-+-4, Vaew a a+4, tos Soha 
4—% Yara x+4; 
2S; iY; 7 ale + =X; nice ae; xa ri hi mora 
xa ess 4—4; 


23, 2—%, i>y; Z+4, poe Vri-i; ZA-4, lege yay 

a—%, ai aay 
ta 7-2, rie Yrs z+4, tx; roe fh a+4, oy gy 

idan 9) 2, x3; 


5 = t =. ee Ee oe ‘ 

yY> x+4, Z; y; x+2, Z; y) % X, Z; Y, 7—X, 2, 
<7 = al e = ot ea 

X, 2+3, y; xX, 5-2, y; X, ¢7—4Z, y; X, Z+3, y; 
=) 5 i 1 =e 1 Se 

Z, y+, xX; Z, wey, xX; Zy yt; xX; Z, g—Y, X; 


. = a laa ae & . al 1. 
xX, yt, Z+3; xX, oy g3—4;, X, yt, dimes) aed mae Z+3; 
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Space-Grovup Of (continued). 


Le 14d herp yl AY, bem eg ee 
Z, xe, yts; Z, KrF; tee NE aA oo oS: yt; ie eases Si a 
ea! ke 1 1 sees y gc ws 
y; z+3, x44} ¥Y,2—4, X+3; Va 2 a oe ey Z+3; 2X; 


1 3 3 . p ee eee 3. 
yas Oy thee Cy 97 thmney VAs ” ems? Z+4; 


1 a: 3 agp eae 3 3. 
fp ad ay ed oe a-+-¥, be oe 2 


yt, X, 4; 2 
x+3, Z, y; wie 
Z+3, YX; 2 
Space-Grovp OP. 
Two equivalent positions: 
(a) 2a. 
Six equivalent positions: 
(b) 6e. 
Eight equivalent positions: 
(ce) 8e. 
Twelve equivalent positions: 
(d) 12h. (e) 12a. 
Sixteen equivalent positions: 
(f) 16d. 
Twenty-four equivalent positions: 
(g) 24f. (h) 24j. 
Forty-eight equivalent positions: 
(i) 481. (j) 48}. (k) 48k. 
Ninety-six equivalent positions: 

() xya; 9 exyeap Sakyas 9 expe: 
UXY; @XY;  AXy; aKY; 
2x; YZx; YZX; Y2x; 
YR23 1 VYRZS aay x2; py yx: 
XZY; XZY} XZY; XZY; 


iY, zd, oe: 
y+i, x+#, 7-2; 
x+4, +4, =-Y; 
x+4, t—Z, yt; 
2-4, iy, x+4; 
tay fa x+4; 
x+4, 2-Y, 444; 
x+4; y+i, hd 
a+, x+7, eee ar 
gant “+3; y+t; 
iY, z+i, x-+4; 
Yt; 4-2, ees 


1 s * 
ZY, X, 4; 
1 _— 
g—X, 2, Y; 

1 = - 
Z+3, y, x 
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Space-Group O? (continued). 
“YX; YX; YK; yx; 
XYZ; = -XyZ; Ya; xyiz; 
ZY;  UXY; OXY; xy; 
yeX; yak; ax; yx; 
YXZ; XZ; KZ; YK; 
XZY; - XZY; 9 =XZy; Ray; 
ZYX; ZYX; ZyX; ZY; 
x+4, y+, z+; x4, a—Y; 7) oaks y-4, 5-3; 


2+, X+3, yta; 3-2, x+4, }-y; 3-2, $—x, y+4; 
Via e 7%, 25 

y+3. z+3, <-e, =; s~5, X+3; Xe, a? Mee 
1 1 1 . pease 1 1 2—Y, hal a: 

Sadat %, 3¢ 8, Ys) 2%, 23; 9 y, SR, 24 9} 
" 5 y+3, =e, ppt 

eee he tia 2 hiaa Vig —X, Zs; eee +4; z+, (Toe 
X+3, 3-2, y+3; 

fz, vie Mic Pox: Z+3, y+3, +x, Z+%; 7 Peon x+3; 
13; yt3; ee ss 

Sie saa Ys <— 3; ix, y+3, ars; X13, oy; Z+3; 
x+3, y+2, 3-3; 

: agi 5 rea pew ie 2-+4, t= x, y3; Z+3; x 3, + 
Z—2, X13, Y+3; 

2~-Y, 3-2, 3—-X; yt, 2+2, 2—-X; 3—Y, 2+4, x43; 
yrs, 3-2, xy 

y+3; x-+3, a+33 hoe, x9, +7; Vola, tay $3; 
yee Bi $x, Z+3;} 

Ea; Z+3, yt3; x+3, gk $—y; 7—xs 3, y+3; 
ebay ae S57 

2+3; yt+i, x+3; 5-7, +, X+5; Se a3, 4-3; 
z+3, e—-); $x 

Spacs-Grovp O'”. 


Sixteen equivalent positions: 


(a) 16h. (b) 16i. 
Twenty-four equivalent positions: 
(c) 24v. (d) 24w. 


Thirty-two equivalent positions: 
(e) 32f. 

Forty-eight equivalent positions: 
(f) 48m. (g) 48n. 
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Spacr-Grovup OF (continued). 
Ninety-six equivalent positions: 


(h) xyz; 
ZXY; 
y2X; 
i NA, 


1 NI 
1 


te 


X,Y, 213; 
Z+3, X,Y; 
Y, 2+%, X; 
X+4, 244; 
a+, y+%; 
yt2, X44; 
y+2, 2+3; 


x+3, 


<7 35 x; 
$—y, hae 
a—X; 5-37 
3-2, tax; 
X+4, 244; 
Fier ipa ae 


y+i, =+3; 


H=sK, Ys Z; X, +=Y, Z; 
Z, $—-X, Yop Bs X, $~y; 
y, Z, ¥—X; $~y, Z; X; 
y+h, 2=x 843, 3-y, era eae 


1 3 1. 
‘none a4, Yrz; 


3 Dog oe . 
Z+4; y+, ao 


ytd, x+4, 4-2; 
x+4, 2+4, $-y; 

x-+4, 4+—3, y+; 
z+4, +—y; x+2; 

4—2, y+, x44; 


X+4, J, 23. xX, V4, Z; 
a, x43, 93. 2, % Ye 
5% S95 Ft 35S, 
+-y, x+i, $—7; y+i, #—X, t—Z; 


rian? +, x+4; 
1 hg | <tr, 

x+z3, Dac Naes 

Z, x+4, 4—-y; 


: dome PUB aa 


3 
bigs are 4—X, 


ro fh 1%, Z+4; 
§—x, 1-2, 4a; 
+>, 2+-3, iv 
r dean y+i, tS: 
z+%, 2-7; es 
x, v+4; 5; 
¥—x, y; Z+34; 


2+3; i-x, y; 
y+3, 3-2, X; 
y; z+, = 
7-3; x+4, s+; 
y+i, x+4, iz; 
x-+4, +3; $—¥; 
x-+-i, i+2; yt; 
a+%, i—y, x+4; 
2%, y+i, x+4; 
x, 3-Y, 2433 
x4, y; 4—2; 
Z+3, X, 3-Y; 
3-2, x+4, y; 
ac7¥; Z+%, x; 
ME, $—3, x+3; 
y+3, 2% tect 
2—Y, 2X, 244; 
tx i-z, yt; 
i-x, 243, 
f-oPy thax; 
2+4, i~y, ret 
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HEXAGONAL SYSTEM. - 
RHOMBOHEDRAL DIVISION. 
A. TETARTOHEDRY. 


Space-Group C3.—(Hexagonal Axes.) 
One equivalent position: 
(a) 00u. (b) $2u. (c) 
Three equivalent positions: 
(d) xyz; oy-xX,.%) 2p ¥, x-y,z. 
Space-Group C3.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) xyz; y—x, %, 2+4; J, x—y, 2+2. 
Space-Group C3.—(Hexagonal Axes.) 
Three equivalent positions: 
@ixyay y=x, % 21-4; 
Space-Group C3.—(Rhombohedral Axes.) 


y; 2 mai is a-+$. 


One equivalent position: 
(a) uuu. 
Three equivalent positions: 
(b) xyz; xy; yax. 
B. HEXAGONAL TETARTOHEDRY OF THE SECOND SORT. 


Space-Group C3,.—(Hexagonal Axes.) \ 
\ 


One equivalent position: 


(a) 000. (b) 003. 
Two equivalent positions: 
(c) OOu; O04. (d) #2u; 34%. 
Three equivalent positions: 
(c) 443; 034; 404. () $40; 040; $00 


Six equivalent positions: 
(g) xyz; y—x, X, 2; JY, X—Y, 2; 
Meee S23 Vs) VX, 2 
Space-Grovur C2,.—(Rhombohedral Axes.) 
One equivalent position: 
(a) 000. (b) $44. 
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Space-Grovur Cx (continued). 
Two equivalent positions: 


(ec) uuu; Gia. 


Three equivalent positions: 


(d) 00%; 700; 030. (ce) 370; 034; 7032. 
Six equivalent positions: 
(f) xyz; xy; y2x; XYZ; @ky; yak. 
C. HEMIMORPHIC HEMIHEDRY. 
Spacn-Grovur C3,.—(Hexagonal Axes.) 
One equivalent position: 
(a) 00u. (b) 3 Fu. (c) #4 u. 
Three equivalent Beane. 
(aw) eu, U,V. 5 yeu, ve 
Six equivalent positions: 
(e) xyz; y—x, %& 23 ¥, x—y, 3; 
Viz; x, X-y, 2 y-x y. z. 
Space-Grovup C,.—(Hexagonal Axes.) 
One equivalent position: 
(a) 00u. 
Two equivalent positions: 
(b) 33u; $ gu. 
Three equivalent positions: 
(ec) univ; Oty; Ov. 
Six equivalent positions: 
(d) xyz; y—x, & 2) ¥, xy, 2; 
NPVAR 5, SG 4p, OS 
Space-Grovup C;,.—(Hexagonal Axes.) 
Two equivalent positions: 
(a) 00u; 0, 0, u+4. (c) 34u; 4, 4, ut}. 


12 . al 
(b) g33uU;, 3, 3, ut+3. 
Six equivalent positions: 


(d) xyz; y—x, 5,2; ¥; x—y; 3; 
X, X—y, 2+3; J, X, 2+3;. y—x, y, 2-+3. 
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Space-Group C3,.—(Hexagonal Axes.) 


T'wo equivalent positions: 


(a) 00u; 0, 0, utd. (b) Fu; 3, 3, ut?. 
Six equivalent positions: 
(c) xyz; yY—X, X, 3; ¥, X—y, 2; 


¥rX, 695° &, yx, oe; -xTy, J, 24+4.- 
Space-Group C;,.—(Rhombohedral Axes.) 
One equivalent. position: 
(a) uuu. 
Three equivalent positions: 
() muy; vuus uvu: 
Six equivalent positions: 
(c) xyZ; xy; yzxX; xXZy; “yx; yxz. 
Space-Group Cs.—(Rhombohedral Axes.) 
Two equivalent positions: 
(a) uuu; u+4, u+3, u+. 
Six equivalent positions: | 
(b) xyz; ZXY; y2x; 
Xx+3, 2+3, yt3; 2+2, ya, +3; yo, x42, 247. 
D. ENANTIOMORPHIC HEMIHEDRY. 


Spacsu-Grovur D3.—(Hexagonal Axes.) 


One equivalent position: \ 


(a) 000. (c) $30. (e) #40. 

(b) 003. (d) $33 (f) 332: 
Two equivalent positions: 

(g) 00u; 00%. (i) gu; #30. 


(h) Fu; 330. 
Three equivalent positions: 
(j) uti0; 2a, G, 0; u, 2u, 0. 
(k) uid; 20, O, 4; u, 2u, 3. 
Six equivalent positions: 


(1) xyz; yx, 73. .¥, x-Y,7% 
X, X—-Y, 2; xz; ON ne Sa eS 
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Space-Grovupr D3.—(Hexagonal Axes.) 
One equivalent position: 
(a) 000. (b) 004. 


Two equivalent positions: 


(c) OOu; O04. (d) 4Zu; 337%. 


Three equivalent positions: 
(ec) uu0; O00; O00. 
Sia equivalent positions: 


(g) xyz; y—x, %, 2; ¥) =—Y; 


VxXE; X, YX, Sy, Js 
Spacre-Grovur D3.—(Hexagonal Axes.) 
Three equivalent positions: 


(a) uii4; 2a, a, %; u, 2u, 0. 


(b) ua sé; 20, G, 4; u, 2u, 4. 


Six equivalent positions: 
(c) xyz; Y—x, X, +4; 
YX, y, 2; ¥, 3-2; 
Space-Group Dj.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) u00; 4; Ou?z. 
Six equivalent positions: 
(c) xyz; Y—X, xX, 2+4; 
X—y, J, 2; y, X, $3; 
Space-Group D3.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) uid; 20, a, §;-u, 2u, #. 
(b) ts 20,10, 4: us 20, 0: 
Six equivalent positions: 
(c) xyz; y—x, X, 243; 
Y—-X, y, 2; ¥, %, 4-3; 
Space-Group D§.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) u00; Oud; aa2. 
Siz equivalent positions: 


(ce) xyz; Ye ey mre: 
xX—Yy, y, Z; y, X, $— ; 


(f) uug; 003; 


N 


= Ze 
Ys Ses Z+3; 
xX, X—y, }—z. 


(b) u03; Taz; 


2. 
x—y, Z+3; 
Sie fae? +—2. 


pi “<i 


¥, x—y, 2+4; 
2 
X, kya me 


(b) u0$; Ou; 


y; x—y, a+3; 
X, y—x, 2—z. 


ci 


ci 


rc) 


ome 
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Space-Group Dj.—(Rhombohedral Axes.) 
One equivalent position: 
(a) 000. (b) $44. 
Two equivalent positions: 
(6) 0 as - 0. 
Three equivalent positions: 
(dq) ui0; GOu; Oud. (ce) ui}; du; sua. 
Six equivalent positions: 
(f) xyz; yux; mxy; RZ; XZV; 2x. 
EK. HOLOHEDRY. 
Space-Group Djq.—(Hexagonal Axes.) 
One equivalent position: 
(a) 000. (b) 003. 
Two equivalent positions: 
(c) $20; 220. (ec) 00u; 004%. 
(d) 332; 33%. 
Three equivalent positions: 
() $40; 040; 400. (@) $44; 044; 404. 
Four equivalent positions: 
hh) d4u; 240; e4u; Fhe. 
Siz equivalent positions: 
(j2100- 20, t, 0 u, 2u, 0: fu0; 2u,.u, 0: tu, 20,0 
Gj) ut; 20,0, %; u, 2u, 9; ug; 2u, u, 3; G\ 20,4 
(keuuv; Otv; GOv; u0¥; Div; Ouv. 
Twelve equivalent positions: 
(xyz; -y—x%, 3, 2; ¥, XY, 4; X, X—Y, 2; x2; y—x,-y, 7G; 
Nee SF 5,2, YS 2; XY, 22; VRE, XV, Vas 


Space-Grovup D3,.—(Hexagonal Axes.) 


Two equivalent positions: 


(a) 000; 003. (c) 330; 332 

(b) 003; 008. (2) $43; 240 
Four equivalent positions: 

(ec) 0OOu; 008; 0, 0, 3—u; 0, 0, utd. 

(f) 3 3u; 3 30; ep A 4—U; Ce s u+3. 
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Space-Grovur D4, (continued). 


Six equivalent positions: 


(g) $44; 044; 402; $03; $44; 097 
(h) utiO; 20; 0, 0; u,2u, 0} uke gu cee, 
T'welve equivalent positions: 
(i) xyz; Y—X, X, 4; ¥; X—Y, 4; 
X, X—y; 2; YxZ; y—xX, y, 2; 
X, y; $—2; X—Y, X, 4-2; Visey os a—Z 
xy Yrs as; y, X, z+4; bore atk Z+4 
Spacre-Group D3,.—(Hexagonal Axes.) 
One equivalent position: 
(a) 000. (b) 004. 
Two equivalent positions: 
(c) OOu; O04. (d)4#2u; 34% 
Three equivalent positions: 
(ec) 330; 030; 300. (f) 222; 022; 
Six equivalent positions: 
(g) uu0; 0070; G00; G0; OuN; uD0 
(h) uud; O04; 704; T1434; Ous; u0Z 
Gy Ui-v;> 20; a; vs" ty 20, ¥; (Gav; aoe 
Twelve equivalent positions: 
(J) xyz; ¥ —X,45,.25.. ¥, 3 ey 
X, Y—X, Z; yxzZ; X~Yyay, 2; 
XYZ; X—Y, X, Z; Jo" Vises Z; 
xX, X—Y, Z; YXz; YS oe 
Spacre-Grovup D34.—(Hexagonal Axes.) 
Two equivalent positions: 
(a) 000; 008. (b) 004; 002. 


Four equivalent positions: 


(c) OOu; OO; O, 0, 3—u; O, 0, u+é. 


a ge | . bpm Ue 2 af 
(d) 4 Sune a a 


Six equivalent positions: 


~~ 


(ec) 034; £02; 394; 093; 
(ff) uud; O00; 0700; > Tod; 
Twelve equivalent positions: 
(g) xyz; Y—X, X, 2} 
X, Y—X, Z; YXZ; 
X, y; 2: X—Y, X, 4-2 


XxX, X—Y, z+; y, x, Z-S; 


1 . bee 
3—U; 3 3 uP 


) 


Vis 


| 
2. 


y) 
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Space-Grour Dz4.—(Rhombchedral Axes.) 
One equivalent position : 
(a) 000. (b) 332. 
Two equivalent positions: 
(c) uuu; ait. 
Three equivalent positions: 
(d) 003; 030; 300. (ec) 320; 303; 033. 
Six equivalent positions: 


G) utd; a0u; Oud: Rud: ula: Otu 
(g) ug; UZu; Fuad; tus; usd; Ziu 
ay Uri yuu Tat iva: Fat 


Twelve equivalent positions: 

(i) xyz; yax; xy; YR2; XZ¥; ZX; 

KV A Vek ZRyen VKZs XZVae oZYR, 
Spacr-Grovup D,),.—(Rhombohedral Axes.) 

Two equivalent positions: 

(a) 000; 332. AO heme & 
Four equivalent positions: 

ora meee: 4—uU, 4-0, F—U; 6 Ut 9, eas as. 
Siz equivalent positions: 


(d) 4233; $33; 328; 232, 41, 228 

44 4) 44 4) 444) 444) 444) 444 

(e) utiO; u0u; Oud; 
ve HS » a5 1 1 1 a 1 1 1 
--Oy7 07-3, 5; OTs, 4, $—U; 4, 5—U, US 


Twelve equivalent positions: 


(f) xyz; yzx; —axy} Ni 
RZ; ZY; BY; 
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1 1 1 peat 1p el ee el ae ee ee 
tae Yo eee Fey GOO) 8 2, BS aay 5 


yts, x+4, 2+3; x+9, 2+3, yt3; 2+4, y+, x+3. 
HEXAGONAL DIVISION. 


A. TRIGONAL PARAMORPHIC HEMIHEDRY. 
Spacre-Group C3y.—(Hexagonal Axes.) 
One equivalent position: 


(a) 000. (ec) 420. (e) 240. 

(b) 003. (d) 332 (f) 33% 
Two equivalent positions: 

(g) 0Ou; 004. Gj) F}u; 330. 


(h) $Fu; 330. 


158 THE HEXAGONAL SPACE-GROUPS C3, 


Spacre-Group C3, (continued). 
Three equivalent positions: 
(j) uv0; 
(k) uv 3; 
Six equivalent positions: 


(1) xyz; 
XYZ; 


v—u, Gi, 0; 
v—u, U, 3} Vantin V5 


—DZ.. 


B. HEMIHEDRY WITH A THREE-FOLD AXIS. 


(Trigonal Holohedry.) 
SpacEe-Group D3),.—(Hexagonal Axes.) 


One equivalent position: 


(a) 000. (c) 330 (e) $30 

(b) 003. (d) 332 (f) $32 
Two equivalent positions: 

(g) 00u; 004. Gj) #3u; 330 

hh) d4u; 330. 


Three equivalent positions: 
(i) “urih0s 20, 0,0; an, 22u, 0. 


ye eS =e eS Bk 1 
(k) utz; 20, 0, 3; u, 2u, z. 
Six equivalent positions: 
(l) uv0O; v—u, ti, 0; ¥, u—v, 0; 
Uyu-Vv, 0; 3v a0: Vie vet: 
1. 7 <7 . 
(m) uv 3; v—u, U, 33 Nigaliseei Ws 33 
u, u—v, 4; Vad; v—u, Vv, #. 
(nye Tvsi) 20, 0, vs a, 20, ve Pay 
Twelve equivalent positions: 
(0) XyZ; Y—X, X, Z; y, X—Y, Z; 
xX, X—Y, Z; Yxz; Viegas Z; 
XyZ; y—x, x, Z; y, xy; Z; 
X, X—Y, Z Yxz; y—x, y, 2 
Space-Group D;),.—(Hexagonal Axes.) 
Two equivalent positions: 
. an, oh) tga Bs 
ORES ae (ce) $30; 332. 
2a eu eee 24 1s 
(c) 330; 334. f) 4a tae 
Four equivalent positions: 
(g) ey 00a; 0, 0, }—u; 0, 0, u+3. 
Tote mee ; 
(h) 3 : 3 U; g3U;: 3, 3; eu; 3; 3, u-+4. 
241 Pe Pi tee oo be 
(i) 3 3U,; g$3U; 3, 3, 7—U; 3; 3; u+3. 


THE HEXAGONAL SPACE-GROUPS D2—D4. 


Space-Grovup Dj, (continued). 
Siz equivalent positions: 


Qj) uti0; 20, a, 0; u, 2u, 0; ua; 2ii, 
V; 
vu, v; 2. 


(k) uv}; 
u, SVs a 


we eis 
Vise Oa aie 
Vas; 
Twelve equivalent positions: 
(1) xyz; 
X, X—Yy, 2; 
1 . 
Xx, Y; 3—Z; 
DS <7 > 
xX, X—Yy, Z+3; y, X, Z+3; 


Space-Grovup D;).—(Hexagonal Axes.) 


yx, X, Z; 
YZ; 


One equivalent position: 

(a) 000. (b) 003%. 
Two equivalent positions: 

(c) 330; 

(d) 333; 
Three equivalent positions: 

(f) uuO0; O00; G00. 
Four equivalent positions: 

(h) 33 U; 


Siz equivalent positions: 


21s. 
33 U, 


(i) uuv; 
Qj) uv; 
vu; 
(k) uva; 
vu}; 
Twelve equivalent positions: 
Q) xyz; 
xX, y—X, Z; 
xyZ; 
X, y—X, 2; 


YX, X, Z; 
yxZ; 
Vim; X, Z; 
XZ; 
Spacr-Group D3,.—(Hexagonal Axes.) 
Two equivalent positions: 
(a) 000; 003. 
(b) 004; O00. 
Four equivalent positions: 
(ec) OOu; O00; 0, 0, 4—u; 
) 44u; 240; B24 


(c) 
(d) 


3) 3 2—U; 


= 1 . 
Vos, x, Fo; 


(e) 00u; 


pe 
Me Vad 


00%. 


(g) uu3Z; 


0, 0, u+4. 
2 1 a: 
$04; U3: 


1. 
U, Z; 


0i3; 


ct 
<i 


u, 2u, 4. 
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Space-Group D3, (continued). 
Six equivalent positions: 

(g) uu0; 070; 7100; uu; O 

(h) uv iz; V == ile; u, y V, 1b se 20 a: 

vyu7z; U, Vr; op U=y¥, V; ¢ 


Twelve equivalent positions: 


(i) xyz; y—X, X, Z; Y, X—Y, %; 
By. Yr ay Z; YxZ; > Soe y, 2; 
x, Y; $25 y—x, X, 3-2; y; Bath fr oe 
Ry es Z+4; y, X; 2+3; x—Yy, y, a+}. 


C. HEXAGONAL TETARTOHEDRY. 


Space-Grovur C§.—(Hexagonal Axes.) 
One equivalent position: 
(a) 0O0u. 
Two equivalent positions: 
(b) 33uU; Fou. 
Three equivalent positions: 
(c) ¢u; OFu; 270u. 
Six equivalent positions: 
(d) xyz; y—-x &, 2; J, x—y, 3; 
K¥z; X—y, X, Z} y, y—X, Z. 
Space-Group C?.—(Hexagonal Axes.) 
Six equivalent positions: 
(a) xyz; V¥—X, Sea-+-45) Vee sy eat; 
ROY, achd pe Sys, Ah YY, oe ee 
Space-Group C3.—(Hexagonal Axes.) 
Six equivalent positions: 
(a) xyz; YX, S47, ay, os: 
£,¥, 24a; X-y, od) ly, YX, ee 
Spacre-Group C§.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) 0Ou; 0, 0, u+3; 0, 0, u+ 
(by gous, 0) oct ses 0 
Six equivalent positions: 
(ce) xyz; \y—x, S2+4;) J,.x—yoa+d; 
XYZ; (XY ARAZte Vie sete ss 
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Space-Group C§.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) OOu; 0, 0, u+4; 0, 0, u+3. 
(b) 33u; 0, 3, u+3; 4, 0, ut?. 
Six equivalent positions: 
(c) KY2, ¥ =X, &, Z+33 y; x—~Yy, Z+3;3 
XYZ; &—Y, XY; -¥, YX, +H. 
Space-Group C§.—(Hexagonal Axes.) 


Two equivalent positions: 


(a) 00u; 0, 0, u+4. (b) $3; 24, utd. 
Six equivalent positions: 
(c) xyz; Pr Sih ee Fp Xess 


x 11. —_ 1. 
X, Y, 272; X—Y, X, Z+3; MA AES a+3. 


D. HEMIMORPHIC HEMIHEDRY. 
Space-Group C3,.—(Hexagonal Axes.) 


One equivalent position: 
(a) 0O0u. 
Two equivalent positions: 
(b) 3$u; Fhu. 
Three equivalent positions: 
() $4u; OFu; FOU. 
Siz equivalent positions: \ 
N 
(d)uuv; OT v; 00v; fitiv; Ouv; uv. 
(ead v; 20,0, Vv; U, 2U,.v; uv; “2u, u, Vv; O, 20,_¥: 
Twelve equivalent positions: 
(f) xyz; y—X, X&, 4; Y, XY, 4; 
RZ; K-Y, X, 25 Fey—xX, 2; 
X, Y—X, 4; yx; AY, 5.5; 
X, X—Y, 4; Yxz; y—x, y, 4. 


Spacn-Group CZ,.—(Hexagonal Axes.) 
Two equivalent positions: 
(a) 00u; 0, 0, u+3. 
Four equivalent positions: 


. . 2 
(b) 33 U; 33 U; 5 5; U+3; 4, 3) u+g: 
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Space-Grovup Cé (continued). 
Six equivalent positions: 


° 1 . et . 
(c) $3; 07; z0u; 
1. 1 1. 1 Zz 
3; ie ut+3; 0, 2) ut; 2) 0, ut+?2. 
Twelve equivalent positions: 
(d) xyz; y—x, %, 2; §, x-y, 2; 
XYZ; X—Yy, X, Z; Y, Y—X, 4; 


RFX) BES Ye Bh Sy yy Sas 
X, 3—y, 24) 9, aH He Vy 
Space-Group C,.—(Hexagonal Axes.) 
Two equivalent positions: 
(a) OOu; O, 0, u+ 9. 
Four equivalent positions: 
)44u; Bb uth F4u; 4 4 oth. 
Six equivalent positions: 
(c) uuv; Otv; uO0v; 
Wo davtd; 100, VE UWE ae 


Twelve equivalent positions: 


(d) xyz; Y= x ees, 1, s-y, 4 
x, ¥, 2+3; X—Y, X43; YRY=s, oes 
X, Y—X, Z; YXZ; D Sara we Z; 


Xx, X—Y, 2+; y, x, Z+3; Y—Xx, y; Z+%. 
Space-Grovup C,..—(Hexagonal Axes.) 
Two equivalent positions: 
(a) OOu; 0, 0, u+3. (b) $$u; 3, 3, ut?. 
Six equivalent positions: 
(c) utiv; 20,0 y; u, 2u, V; 
a, uy v+3; 2u, u, v+3; wt, 20, v+. 
Twelve equivalent positions: 
(d) xyz; Rae ksh 6 Tae es 
X, ¥, 243; X—Y, X23; y, Y—X, 2+3; 
X, Y—xX, 2+; y, x, 2+; x—y, ¥, 243; 


X, X—Y, 4; YXZ; Y—X, Y, 4. 


EK. PARAMORPHIC HEMIHEDRY. 
Space-Group Cey.—(Hexagonal Axes.) 
One equivalent position: 
(a) 000. (b) 004. 
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Space-Group C,, (continued). 
Two equivalent positions: 


(ce) $30; 240. (e) 0OO0u; O04. 
. i age 
32: 


Three equivalent positions: 
Iv i . ay . 1 . . 
Four equivalent positions: 
ple? . 21 . 12.5. Ve a 
(bh) Fu; F5U;- FFG; FFL. 


Six equivalent positions: 


G) g2u; OFu; 70u; $30; 0F0; 200 
(3) uv0O; v—u, i, 0; ¥, u—v, 0; 
a¥.0;° u—y, u,.0; v, v—u, 0 
(k) uv; Nise Ut u, 33 Vv; USS 2 
UF 4; u—vV, U, 7 Vege Soil; 3 
Twelve equivalent positions: 
(1) aya; YX, X; 2, Y, Sey 9. Ay 
XYZ; X—Y, X, J; Y, Y—X, 4; 
XyZ; Yass X, Z; y; x—y, Z; 
XYZ; X—Yy, X, Z; y, y—X, Z. 


Spacre-Grovup C,,.—(Hexagonal Axes.) 


Two equivalent positions: 
(a) 000; 003. (c) 33 
(b) 00%; 00%. (d) 33 

Four equivalent positions: 
(e}00u; 000; 0, 0, 5 
(f) g3u; $30; §, 3, 2—-u; 


Six equivalent positions: 


e i -1. 1 1. 113 LIS 1 3 
(g) 224; 02%; 204; 3234; O34; 304 
(hyaiy 0; v-0,-0,.0; V, u—v, "0; 
== ° De. 1 
ava; MeV USF, Vy; VIM, S. 
Twelve equivalent positions: 
(i) xyz; Vo hy Us. 9, 8 SY, 2; 
= = ° 1. 
xX, Y; ats; X—Y, X, Z+3; y, Y—X, Z-3} 
xyZ; Boas) X, Z; yy, X—Y, 2; 
Sh . 1 * —_ b Paes 
xX, y; aud SV ekg a Ay) Yo Via oes See 


F. ENANTIOMORPHIC HEMIHEDRY. 


Spacre-Group Dj.—(Hexagonal Axes.) 


One equivalent position: 
(a) 000.. (b) 003. 
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Spacre-Group Dj (continued). 
Two equivalent positions: 


(c) +20; 240. (e) OOu; OO. 


3 
(d4) $33; $32 


Three equivalent positions: 


(f) 230; 030; 700. (g) 232; 023; 
Four equivalent positions: 
(h) $$u; Feu; FO; 370. 
Six equivalent positions: 
(Gi) 23u; OFu; 20u; 430; 020; 200. 
(jj) ua0;-000;5 000; G00: Und) uot, 
(k) uud; O04; 07103; 203; Oug;, ul. 
GQ) at OF- 200, 0s sat 2a, sat id, Bae 
(m) uti 3; 2i, U, %; u, 2u, 2? tu 4; 2u, u, 5; 
Twelve equivalent positions: 
(n) xXyZ; Naam. S) X, Z; y, X—Y, Z; 
XYZ; X—Y, X, 24, Y, Y—X, 4; 
X, yY—X, Z; YxZ; XY; y; Z; 
Xx, X—Y, Z; YXZ; Yay Z 
Space-Group D?.—(Hexagonal Axes.) 
Siz equivalent positions: 
(a) OuO; u04; GH?; OF; TOS; uuF 
Bf 1l 
= yi. 


— 5, ah eee on 
(b) uti x5; 2u, u, gq, U, 2u, iz, U 


Twelve equivalent positions: 


° ~ 1. = : 
(c) xyZ, y—X, X, Z+3; Ys aa +3; 
= 3 1. 5. . 
xX, Jy, US mee xX—Yy, X, 2+; Jory amos z+3; 
4 a <7 2 ° = 
X, Y—X, Z; RY) Via" 8 ey pes a3; 


1 ° . 7 © 
ex Yt ay Ve Ys $—Z; y, X, eal 
Space-Group D.—(Hexagonal Axes.) 


Six equivalent positions: 


(a) Ou0O; uO%; Dad; O04; 7202; uus 

(b) ut a CNN 4s Dy es mies 
UU jg; u, U, q, U, 4U, 7g; UUjZD; 2u, Uu, 4; 

Twelve equivalent positions: 

(ce) xyz; VrX Rett SY kes fs 
aa os. t 1. 
x, y; Z+3; X—Y, X, 2-3; Ys Yass a+¢; 
= z. = od : 
X, Y—X, 2; > Ni Nii NG RS $—2; 


aa ley. = 5 SS 
XS Yo) Dae ZY aos Ge Sn mS $—2Z. 


nH © 
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Space-Grour D§.—(Hexagonal Axes.) 


Three equivalent positions: 


(a) 000; 003; 00}. (ec) 333) 030; 
(b) 003; 00%; 008. (dq) 338; 023; 
Siz equivalent positions: 
(ec) 00u; 0, 0, u+3; 0, 0,u+9; 
00%; 0, 0, }—u; 0, 0, #—u 
G)-$3 0; Oy 9, wee $0, us; 
30%; 0, ;, 3-1; 3; 3; $=. 
(g) uugz; O00; 002; 14; OUD; u0?2 
(h) uug; 003; 70%; T08; Oud; ud? 
rads 20, 0,0 see 20-9 YU 4; -2u, -u, “0; 
(j) Ue; 2i, u, = u, 2u, ie tu; 2u, U, 2; 
Twelve equivalent positions: 
(k) xyz; yx, %, 2+9; ¥, x—y, 2+4; 
XYZ; X—y, X, 2+3; Y, Y—X, 2+3; 
By Notes oY, Vy $23.9) XG) 
X, X—Y, Z; Vises Son), ¢— 2: y; X, $-2 
Spacz-Grovur D?.—(Hexagonal Axes.) 
Three equivalent positions: 
(a) 000; 003; 003. (c) 333; 033; 
(b) 003; 0068; 006. (d) 223; 0230; 
Six equivalent positions: 
(ce) 00u; 0, 0, u+3; 0, 0, ut3; 
00a; 0, 0, $—u; 0, 0, $—u. 
(f) 33u; 0, 3, ut+3; 3, 0, ut3; 
30%; 0, 4; $—u; 3) Z, 3—u. 
(g) uug; 003; GBO%; THF; OuZ; uF. 
(h) uuz; 000; 704; GH?; OUD; uD}. 
G@) uig; 20, 0, 3; u, 2u, 3; tug; 2u, u, 3; 
(j) uiz; 20, 0, 0; u, 2u,3; tug; 2u, u, 0; 
Twelve equivalent positions: 
(k) xyz; YX, &, Fi 9, xy, 214; 
XYZ; X—Yy, X, Z+3; y, Y—X, at4; 
x, Vu Z; > Some iE y; £—7; y, X, +7 
ee i see) Tne Be 
Spacr-Group D§.—(Hexagonal Axes.) 
Two equivalent positions: 
(a) 000; 003. (c) $34; $37. 
(b) 003; 002. (d) 33%; 33%. 


c1 


= 


ae q 


1) 
rant 


~ 


1) 
ra 


~~ 


Die colra 
. ° 


Col Dion 
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Spacre-Grour D§ (continued). 
Four equivalent positions: 


(ec) OOu; O00; 0, 0, ut}; 0, 0, 4—u. 
(f) +40; 3 3; 3; 3; u+3; +; 3, 7—U. 
Siz equivalent positions: 
(g) uu0; 000; G00; 104; Ou; uz 
(h) uid; 20, 0,4; u, 2u, 4; dug; 2u, u, 7; 
Twelve equivalent positions: 
(i) xyz; y—x, X, 2; ¥, XY, 4%; 
X, 5, 2+; 9 x-y, x, 2th; y, ¥—X, 244; 
Xx, y—X, Z; x—y, y; Z; yxZ; 
xX, X—Y, 3-2; Vasey gon; y, x, 4~Z. 
G. HOLOHEDRY. 
Spacn-Grour D¢,.—(Hexagonal Axes.) 
One equivalent position: 
(a) 000. (b) 004. 
Two equivalent positions: 
(c) $20; 240. (e) 0Ou; O04. 
(dq) 333; 337. 


Three equivalent positions: 


(f) 330; 030; 700. (g) 232; 033; 
Four equivalent positions: 
(h) $u; $3u; 330; FF0 
Six equivalent positions: 
Gj) g2u; OFu; Z0u; 330; OF0; $00. 
(j) uu0; 000; 700; G0; OUD; UDO. 
(k) uu$; O03; 003; G04; Oud; ui. 
()"u 00; 20, 0,0; a 2uF 029 00 Sao, 
(m) ug; 20, 0, 3; u, 2u,3; tug; 2u, u, 5; 
Twelve equivalent positions: 
(n)uuv; Ov; GOv; Div; Ouv; uv; 
uUnLv;, CONV MOT ioe Onto u ON. 
(0). UO Vy.) 20) 0, WU, 2U,o wee A Sa 
UNV; 20, 00s 5U; 200 i ee 
(p) uv0O; V>Uie 0; avin. 0: 
av 0; UV) an. OF Sy vw 
D; v= u, 0; w=vee 0; ev 0: 
u, u-v, 0; v—u, v, 0; Vid. 
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bo 


csi 


ci 
vH © 


iif 2k: 


Gi, 20, ve 
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Space-Grovup Dg, (continued). 


(q) uv#; v—u, i, 


4; Hoary, 4; 
avs; UV, Uy 95 ¥, Vu 9; 
Oey; 33 u—y,.¥, 3} Vug; 
U, U-vV, ¥3 vou vy es" a 


Twenty-four equivalent positions: 


(r) XYZ; y—x, &, Z; y; X—Y, Z; 
XYZ; X=; X, 2; Y;, Y—X, 4; 
X, =x ys} x—y, y; Z; YxZ; 
X, X—Y, Z; Y—x, y, 2; xz; 
XyZ; YA, S,-2; WY, XY) 2; 
XYZ; SV Ro SVs. YOR: Z; 
X, YaX; 255 XY, y; Z; XZ; 
X,; X—Y, 2; y—X, y, 2; Yxz 


Space-Grour D§,.—(Hexagonal Axes.) 


Two equivalent positions: 


(a) 000; 008. (b) 004; 008. 
Four equivalent positions: 
(c) 330; $30; 333; 333 
(Qyatti 84 i374 tie ttt 
(ey 1005 0 0.05 50,9055—u3.0,/0,, 0-3 
Siz equivalent positions: 
aed. Uso, £00; +'45°0949; 40% 
eee er 604573 + 7; 0F 5; FO 7. 
Eight equivalent positions: 
Cy eu £4 st) 4 5; 4 $049} 
sn 7 1 
430; ale 4; -; $—uU; %, 4, gu. 
Twelve equivalent positions: 
Gi) #$u; OFu; 7Ou; 
e000 0;400; 
e e 1 e 
3, ue 4—U; 0, Z, $—U; 3, 0, gu, 
4, 4, ut}; 0, 3, u+s; 4%, 0, utd. 
(j) uu0; 000; 700; 10; OUD; UND; 
uud; 004; 704; G04; OugZ; uO}. 
(k) uii0; 20, a, 0; u, 2u,0; Gud; 2u, u, 0; 
ulig; 2i, U, 3; u, 2u, 3} tug; 2u, u, a3 
Q) uyd; v—u, a, 3; ¥, u—v, 4; 
av 4; u-—V, V; +; We Wise zs 
vuig; i, Wik te u—Vv, Vv, z; 
¥i3; u, u-v, 2; v—u, v, ¥. 
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Space-Grovur Dé, (continued). 
Twenty-four equivalent positions: 


(m) XyZ; y—Xx, X, Z; 
XYZ; X—Y, X, 4; 
X, Y—X, 2; x—y, J, 2; 
X, X—Y; Z; y—x, y, 2; 
x, ¥, $—2; y—x, %, $—3; 
x, J, 3-2; X—Yy, X, 3-Z; 
> an ioe S Z+4; x—y; y, z+4; 
x, X—Y, Z+3; Y aa Z+33 


Space-Group Dj,.—(Hexagonal Axes.) 
Two equivalent positions: 


(a) 000; 004 (b) 003; 
Four equivalent positions: 

(c) $30; $33; 330; 342. 

(a) 434; $34; $32; 337%: 

(e) OOu; OO; O, 0, $-—u; 0, 
Six equivalent positions: 

() 444; 084; 402; 444; 

(zg) uu0; 000; G00; aid; 


Eight equivalent positions: 


THE HEXAGONAL SPACE-GROUPS Dga—Dé, - 


y, X—Y, 4; 
¥Y, Y—X; @; 
yxa; 
Yxz; 


bho Sad AA Eat fs 
¥, 33, dz; 
¥, X; 244; 
jy, X, z+}. 


00 


(th) $¢u; ¢4u; §, 4, utd; 4, 4, u+4; 
330; 3 3 U; 3 3; $—u; 3) + $—Uu. 
Twelve equivalent positions: 
(i) CH Wey a 2i, u, q; u, 2u, 4) tu 7; 2u, u, q, U, 2a, 
us: 20,0, 25" u,-2u, 25 Nad; 2apu, 4s) a ee 
(Gj) uv0; v—u, a, 0; ¥, u—v, 0; 
av 4; u—V, u, Le Vi eUlV CF 
vu0; wt, v—u, 0; u—v, ¥, 0; 
Viz; u, u—v, 3; v—u, v, #. 
(k) uuv; Oiv; Ov; 
uuy; O0uv; uOV; 
i, 0k v+4; 0, u, v+3; u, 0, v+4; 
i, i, }—v; 0, u, #—v; u, 0, 4-v. 
Twenty-four equivalent positions: 
(1) xyz; bia Se ee NPD Se DEP 
X, y; Va ee X—Y, X, 2+43 Vise Vaewions Sg 
xX, y—X, Z; xX—y, y, Z; YXxZ; 
Acca) a time Spee Vie oe Vip $—2; y, x, y—7; 
XYZ; MRS: X, Z; y; x—y,; Z; 
X, J, 3-3; Reyne tae ay eee: 
X, Y—X, Z; 2 Nip y; Z; yXZ; 
X, X—y, 2+4; y—x, Y, 2+3; NE) Se ea 


THE HEXAGONAL SPACH-GROUP D4. . 


Space-Group D¢y.—(Hexagonal Axes.) 
Two equivalent positions: ' 
(a) 000; 0048. 


(c) $34; 332. 
(b) 00%; 003. (dq) 33%; 3434. 
Four equivalent positions: 
(ec) OOu; 00%; 0, 0, }—u;-0, 0, u4+3. 
GQ) $3u; 2 4, utd; #40; 4, % 4-u. 
Six equivalent positions: 
(g) $40; 050; 300; $34; 044; 304. 
(hy 045-720, Oe eon, aut ue; Qu, u, 23° a, 20, 
Twelve equivalent positions: 
Gi) uu0; 0010; 100; Tif; Ou¥};: ud; 
uut; O04; 209; 700; Oud; u00. 
Gj) uvd; v—u, a, 4; %, u-v, 3; 
av; u—v, u, 2; v, v—u, 3; 
vui; u, v—u, za u—v, V, re 
VE) eth wy Te vee te: 
(k) uiiv; 2a, a, v; u, 2u, v; 
iuv; 2020, Fs a, 20, ¥; 
u, i, }—v; 2a, i, }-—v; u, 2u, $—V; 
i, u, v-+4; 2u, u, v+4; a, 20, v+3. 
Twenty-four equivalent positions: 
(1) xyZ; Vix, X, Z; Yi XY; 12s 
X, y; nee X—Yy, X, Zh; YoY XS z+3; 
X, y—X, Z; R= Y> J; Z; yxZ; \ 
x; x 54; Vie). 132; y, X, 3-4; : 
x, y; 4%; y—x, x, $3; y, x—-y, +—2; : 
XYZ; 2 OS Z; V5 iy 25 
oT Roe Sa ae eee Sa y, a+3; y, X, z+; 
ae os ae YX, y, 4; -YXa. 
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170 TABLES: TRICLINIC AND MONOCLINIC SYSTEMS. 


TABLES. 


The following tables provide a summary of the number and kinds of the 
different arrangements to be obtained from each of the space-groups. In 
these tabulations the symbol 1 (0), for instance, signifies one arrangement 
(a special case) having no variable parameters; similarly the symbol 3 (2) 
would mean three arrangements having two variable parameters each. 


TaBLE 3.—TRICLINIC SYSTEM. 


Number of 


ivalent positions. 
Space-Group. equivalent positions 


1 2 
A. Hemihedry: 
Gah ate 1 (3) 
B. Holohedry: 
OPe etree 8 (0) 1 (3) 


TasBLe 4.—MONOCLINIC SYSTEM. 


Number of equivalent positions. 
Space-Group. 


1 2 A 8 
A. Hemihedry: 
Moray Osh ae eae 2 (2) 1 (3) 
0 re AL Sie 1 (3) ie 
eee, eee aire 1 (2) 1 (3) 
Dia a rae Se Pe x? 1 (3) 
B. Hemimorphic 
hemihedry: 
OES vB es as att rata 4 (1) 1 (3) 
PPIs her 5, ari Eee 1 (3) ae 
Oi es Ae i se be, 2 (1) 1 (3) 
C. Holohedry: 
zh NE cS oR ter tek 8 (0) 4 (1); 2 (2) 1 (3) 
ee eee ee eee eee: 4 (0); 1 (2) 1 (3) pe: 
: 2 (0) 
JERE ae Cae Tt ae 4 (0) fF (1) 1 (3) 
: 1 (2) 
Ca, yet Sige Sonat SE Sete 4 (0); 2 (1) 1 (3) 
hese essen eee 5 ee 4 (0) 1 (8) ert 
SN pipet nbs s fe sree RS. 4 (0); 1 (1) 1 (3) 
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TABLES 


ORTHORHOMBIC SYSTEM. 


ce 


(8) T yi ey 
($) T (1) 3 a 
ee (g) T (ZS WO) 
(€) T (2) 2 =) Tt (I) T rae 4 
ae ($) T (I) T 7 
(@) T (Z) ee GL tr 
(€) T @) LAs ee 
(@) T (Z) & (1) Z 
(€) T (1) ne 
(€) I (2) I 
(€) T (2) 3:1 (1) Z 
ao (g) T (1) @ 
(g) if a ohare, 
(8) I (Us 
(€) T (Z) I 
(g) T (1) @ 
(g) T * 
eh (2) Tae GES 
(€) T (1) F 
(¢) I (Z) @ ie 
(8) T (2) ¥ (1) F 
91 8 P Z I 


‘suolzisod yuereAtnba Jo Jaquinyy 


SAapaywua Fy anydaounnua HV 


‘dnoix-a08dg 


WWHLSAS OIA NWOHYOHLYO—'S ATav,L, 


aie foe oes ate IR a aN 


T 
shipayojoT *) 


a 
Soe vat ape eee ie 
hehe See Rae on 
Ree caren eget a 
Se Fae oe 
ey are ce 
Se Sos ate eae An 
ae Fee an 


oe 
‘hapoyiua yy nydiowmoyunug *g 


Z 
> 
M 
Ss 
wm 
ie) 
—= 
a) 
= 
e) 
eI 
6 
; 
5 (§) I 
SI 
= 
cay 
< 
[== 
ze OT 
N 
rt 
= 


(¢) T (0) z 
(g) I (1) t ‘(0)z es 
(€) T (2) 3 (0) Z (1) Z Ms ae 
(€) I (2) T (1) z (0) ¥ ee ee me eae ed 
(Z) I 
(¢) I EP iis pws |, See bE eRe 
(0) Z 
(¢) I ()Z:O)Z ie oP a 
(¢) I (soz (0) F FE aS eee | 
(8) I (1) § (0) Z ai oa 
($) I ie) te OOF. ~ Beige as War. 
(¢) I (1) Z (0) Z Ae oie 
(€) T (e's |] (1) 2 ‘OF ee et ae 
(¢) T (1) 9 *(O)Z (0) ¥ Ca aay eee 
(g) T (Z) I (1) 8 (0) 8 a ee ee 
(¢) I (1) 9 *(0)% (0) ¢ pi 
(g) T (Z) 9 (I) at (OR 5, ee 
(g) T (De 2 8 ee Spree 
(g) I (I) 9 (0) ¥ Spe a eae 
(1) 9 (0) ® ee we ale erie, 
(g) I (1) 2 (0) ¥ Be aca UE pel toe Saree 
(@) I (1)-Z -» won << o 0 9 
oe ae (g) T Ciera ty % anes 
Ee. ee eam end © ol 
(g) T (1) ¥ eae 
(g) T aera OR es 
g P zZ I 


‘suo Tz1sod yue;eAInbe jo Jequinyy 


*(GHONIINOD) WHLSAS OIANOHYOHLYO—'¢ Fay, 


*dnory-s08dg 


eee" 


173 


ORTHORHOMBIC SYSTEM. 


TABLES 


a es 


(@) T )o:(D% | 1) 1 SO) F 
(@) T (1) § $(0) Z ie 


ot 
(€) T (1) F (0) F 
(0) T 
ste (g) I (Z) @ *(0) T (1) 9 (0) F 
(g) T (1) € *(0)Z (0) Z Sek ak 
(g) T @e:de | De ‘oFr (0) Z 
Pees (8) I (I) F (0) 2% (0) @ 
(¢) 1 (3) @ (1) ¢ | (1) T f(O) 9 
(g) I (2) T-(De (0) 9 a 
(g) T @Fr M1) DgItoz (0) F 
(Z) I 
(g) T (1) Z (0) Z 
(0) I 
(2) 
(§) T (1) I (I) T (0) @ 
(0) i 
() T (2) T ‘(0% 
ze OI 8 P zZ 


‘suorjisod yuoyeambe jo sequinyy 


a ‘dnoiy-sovdg 


‘(CHONILNOD) WHLSAS OIMWOHYOHLYO— @1av1, 
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TABLES: TETRAGONAL SYSTEM. 


Taste 6.—TETRAGONAL SYSTEM. 


Number of equivalent positions. 
Space-Group. 
1 2 4 8 16 
A. Tetartohedry of the 
second Sort: 
Sb clited aarti 4 (0) 3 (1) 1 (3) Pe 
Sie ee ihe Mine 4 (0) 2 (1) 1 (3) 
B, Hemthedry of the 
second Sort: 
Fe aT late Sea 4 (0)| 2 (0); 2 (1)| 5 (1); 1 (2) 1 (8) 
SO, sche cant sits 6 (0) 7 (1) 1 (3) 
aes eh ee A(T (Dp) yf (2) 1 (3) 
Baie bet Be 2 (0) 2 (1) 1 (3) ue 
Var ee 4 (0) 3 (1) 2 (1); 2 (2) 1 (3) 
aromatic e. ter MEE 4 (0) 5 (1) 1 (3) 
Ae ss eA ae 4 (0) 4 (1) 1 (3) 
Varian, yee en 4 (0) 4 (1) 1 (3) 
Se eee ei aN obs 4 (0) 2 (1) 2:(1)5 1 (2) 
AEE ee eae wet ea 4 (0) 4 (1) 
Ah LS Car a 2 (0) 2 (0); 1G). 20); 12) 1 (3) 
Vie cee ue sf aut 2 (0) 2 (1) 1 (3) 
C. Tetartonedry: 
cy a Cee a ae 2 (1) 1 (1) 1 (8) 
Oe Mic ar acns Sey aha 1 (3) 
Ae civaiy #acnks! he 3 (1) 1 (8) 
Oy Seo ee eee bdo 1 (8) a. & 
Bs Pea ary a aw 1 (1) 1 (1) 1 (3) 
hk snes trite tes we Ph 1 (3) 
D. Paramorphic 
hemthedry: : 
Cin Se ke ae be 4 (0)| 2 (0); 2 (1)} 1 (1); 2 (2) 1 (3) 
0 5 WE Beery ieee eee eae gee 6 (0 3 (1); 1 @) 1 (8) 
ee cee Cees fe ae 23(0) 35911) 210) 21 9 1 (8) 
0: Rie cae Ra foro 2 (0) 2 (0); 2 (1) 1 (3) 
1 (0) 
Oo ake Re ee OE BS aE 2 (0) 2 (Od eh) 1 (1) 1 (3) 
1 (2 
CCR Roar eran ey ae 2 (0) 2 (0); 1 (1) 1 (8) 


32 


1 (3) 
1 (3) 
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TaBLeE 6.—TETRAGONAL SYSTEM (CONTINUED). 


Number of equivalent positions. 
Space-Group. Pe 
1 2 4 8 16 32 

E. Hemimorphic 

hemthedry: 
ar i 2 (1) Le 3 (2) 1 (3) 
oa de SED 1 (2) 1 (3) 
aaa iho Del ee Pith)’ F0) 1 (3) 
ew. | bee Pty Ea) et 02) 1 (3) 
ae Sean er 26) 1 (1) 1 (3) 
eae Ge ueosd (4) 1 (1) 1 (3) 

Oe  , eV Mea 2 (2) 1 (3) 
So es ot 2 (1) 1 (3) , 
ae Reeteb gi el) 1 (1) 2 (2) 1 (3) 
Cet. Me ral eet 2 (1) 1 (2) 1 (3) 
io: ae es eee 1 (1) 1 (2) 1 (3) 
Oe ees SP a Er oe 1 (1) 1 (3) 
F.. Enantiomorphic 
hemihedry: 
3 ae 4(0)}2(0);2()]| 7) 1 (3) 
ee eke oder) 30) 1 (3) 
Dig. m. opts 3 (1) 1 (3) 
Sct. Ser en Tee 1 (1) 1 (3) 
eee et = 60) 9 (1) 1 (3) 
ee, oat sha (0) 4 (1) 1 (3) 
je Pett 3 (1) 1 (3) 
i eS Aap Me 1 (1) 1 (3) ee 
eae Sean 2 0). bs. ket) 5 (1) ac) 
be. 2. Lng file 2 (0) 4 (1) 16) 

G. Holohedry: NI 
D........|4@120:2@] 74a) 5 (2) Tey eee 
a 1 40) 120;2@)) 40);1@) ty tec. 
De oss: ... 40) |2(0);20)! 40);10) 1 (3) 
ety rks 20) |2();10)) 10); 4() 1 (3) 

3) ee Se ot. 40) 4 (1) 3 (2) 1 (3) 
Dre. et: | 20 |2@;1@| 240);10@) 1 (3) 
Cees, 12); 10)/20;1@)) 20); 22) 1 (3) 
ae ee Soe ee 190) 11) 10) 2 0) 1 (3) 
Rie een yf B40} 7 (1) 1 (1); 3 (2) 1 (3) 
i ee | 40) |20;4@) 30);2@) 1 (3) 
ee ae a ae 4 (0) 1(0);5(@) | 103) 
ie ee , 420) \40)..10) §0)ver 1) 1G) 
Wes , eee 4 (0) 3(1);1(2) | 10) 
ee ~ | 20) 120230) 1a;20) | 16) 
Din. i ea) 2(1)  |1();1();12)| 103) 
pees: 4.1) 3 Gy. 4 2) 10 1) eee 
pet 20) |2@:10)) 10340 J1@;3@11@) 
ne... ee 4 (0) 10); 3(1) | 2); 2 (2)} 103) 
ee. aang 2 (0) 2(0);1(1) |2(@); 1@)|1@) 
le ae ons 20) |1@;3@/1@) 


CUBIC SYSTEM. 


TABLES 
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Z6r 


eer Gre (Mt \()T (OF eae ee 
(€) I 12 (D1 ‘OC wom Pa Oe Cat a 
ae a te (€) T (e )tlos 
‘ey (g) I (2) T (0) T}°°** |(1) £ £0) TIC) TI) T 
(€) T (Z) I (se |) lise: ae hae 
i. ae St “eres Par 1 (1) @ 

(¢) I CTA SS Hash (0) @ 
eS 40% CQVAI eFax si 2 es eee (1) T & isshhe 
Page (OE mee (2) Es KD-T (1)Z = |(0) T (0) T 
(g) I ()T |()T ae (0) Z soe (Oe 
(€) T CECE ED EC) Ee (0) 0h ca ee eee 
a mean st (@) T eos AERO 
(8) T 2S IMD +F 

(g) I CTE; sit 
F.isoe (g) I ant ey OD ar ee Sar 
: DEC Lot ee ere (T):S* Cr Ot 
() T Ee At). I poe 3 ae eee 
96 SP ze bZ OI ZI 8 | 9 


‘suorzisod yueyeatnbe jo Jaquinyy 


29a. a rel le Tap bewetntiel 6. Yak arate c 
‘Aapoyvuay 
aydiowmua rH *) 


Pe wi eas Wie”. Ose ehet aire" Janie 6 oe +a 
ab 
Ota De Sue Gee Lay eer a et ie) 16s Saf 


aL, 
Foes Me Are: +L 
Fee SEN aR nee She | T 
eR ester hae oT 
Fern cSt eee ee 7 

‘hapayopinjay, “VW 


‘dnory-soedg 


‘WaLSAS OIGNO— 2 Fav, 
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CUBIC SYSTEM. 


. 
° 


TABLES 


(0) T (0) I wee v3 (0) ji Ce CL Ce ve Carat Cy CC é 

(0) es 1 36 5074 ae Ci me PRM aN. Cle s6) (0 Ce [een wl Ke) 
(0) a oMelisl 8 ea, ie, ew ial A Bia, (ole) 6. (i.e Cow id) es ine) one (efiaiienie neo) elisa) a7 es sie <0 
(QO) T see (0) z a Nike) 6 ie ey bce: © (ole ih ol in Veute” #2 conte: ie, (0) sam eet le eires ne «0 
(1) T (0) I (0) Z Cheon (0) T S eha! o> 6 1s) /8),0' ©) oe) ena) (61,6). 0 70 
(0) {e (0) ie eee (0) ji oth) @) o Slavle vets, (e501 mae els. Be se 

(0) I (0) | se ee see (0) T Aecwoat hat teens O Cicer Coreitn o - 

(1) I (1) a ce ee (0) Zz o ae ie (0) 6 ee, pn ec) our eet Ce 10 

“fupayojoH “A 
(0) ve oan See eke 4: shee Bee) a) eee x0) 
(T) T whe apie (Q) Zz io. (9) 0. SPS Sl eriw 0 ere B10. 56) 61/6) “6, 10 
(T) T a ie (0) hd a Yarce co) 4 eee OE) O oom BPM eulm: ® 6] @.6 6 erene s 6) 
(0) li (0) T (0) T Paws "e160 6ie, laste, (bY! eho. a uis e. sO 
(0) z & exe 6 ot We Ses A Te et oe Te oe WiC) em er 6) 
(0) T amon (0) Z whamenie, \ha ceprevje Sve aim folie eo: wl Gils vehi! =iiaMauemnel ef ma tee 2O 
(1) T (0) ¢ (0) Z ete (0) il CMe ete ee rece Tl Cid 20 
(1) I (T) P cr pe (0) z Poe ies (0) Z eines y ‘bin ie wise. aur mike: B 10 
SAupaywuay 
aydiomoyunug °C 
8 9 ¥ € é T 


(g) T (hg. WO) d (0% |0)2 mar 
bed era eter oD) be Ss (D2 DTD Ost 
(g) I Cie (2 (XE (OT |Oz ee (0) T wee Me 
Ont Gary ee hey (0) Z 
(g) Ta) (1) 1] (DT Qe ki (Ohe Waiarar 
(g) I igo "o> (De MOO s aon 
‘or oe ee i> Ar ABA eit (1) T *(0) T 
(g) T (Z) T *(1) T/) T (1) € 

; (8) T (DS AI Teo 
é (g) T (8. Nes (1) € 
| (e) T (Ins) = hb at (0) @ 
| a (Sais tele. (1) T 
| tore ary (@) T ce ee (I) T 

=<; LE Ie Gian Ne IDM rIDes:O)T 

(g) I (INS oat aera tere (C8) SrA past 

(g) I LT AICO SEC) Te oe ERG 
' (g) T Chae 
Z6I 96 +9 SP Ze ZA 91 ra 


‘suorpisod yuepeatnbe jo Jaquinyy 


‘(CHONILNOD) WHLSAS OLANO—L T4V.L 


‘dnory-s08dg 
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TasBLe 8.—HEXAGONAL SYSTEM. 
J. RHOMBOHEDRAL Division 


Number of equivalent positions. 
Space-Group. orn 


A. Tetartohe lry: 
1 


he ieee dah wg eee gots 3 (1) 1 (3) 
(6 er eae See ee vetoes nyt 1 (3) 
Ch Benet wihcar ters es 1 (3) 
LO Po eR Ae 1 (1) 1 (8) 
B. Paramorphic 
hemthedry: 
he i lin,» tes Ge ine 2 (0) 2 (1) Pda (0) leas = 1 (3) 
LS te ace, og ee ee 2 (0) 1e(D) PHD) lees ae 1 (3) 
C. Hemimorphic 
hemthedry: | 
Crelc rrgtetnte® ssh. 3 (1) a ate ES) [al ane 1 (3) 
le ccm get aoe err 1 (1) 1 (1) LACDY leracreys 1 (3) 
(Ce OTe ee are eit 3 (1) Peet hal Mick Art: 1 (3) 
(SS den Ee RR RY oer 2 (1) ee ce 1 (3) 
Oe dang eee ns eS yt 1 (1) oot ae (O46 hare 1 (3) 
OP Bae err gee ae aie 1 ee Wee ae 1 (8) 
D. Enantiomorphic 
hemihedry: 
SMe ois Ph ch eee 6 (0) 3 (1) 2 (Deb a. 1 (3) 
Deedes daciic oc in tae 2 (0) 2 (1) 2 CB tne, 1 (3) 
eed. ck oes G nade Rae 7A Be aaa 1 (3) 
rr ete cere css ns apace Pah rd 90) ee 1 (3) 
| asa ne tae dig ae DCD aes 1 (3) 
LD 5a, GR ain sen wee 7d =| ee Ne 1 (3) 
4 8 bec ee Oe oe 2 (0) 1 (1) PRA SP ees 1 (3) 

E.. Holohedry: ; 
DS etaeit es cers ger 240) | 20); PQ) T2 Oa 1p | 2s tea 
Dia Se eit een eo Senate 4 (0) vos oo 2 EL) OL Ce eee 
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